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Figure 1. Train #407 on Hopewell Subdivision.

THE CAPE BRETON & CENTRAL NOVA SCOTIA
RAILWAY—A NEW CANADIAN SHORTLINE

Marli Westerfield*

The Cape Breton & Nova Scotia Railway (CBNS) is owned and operated by RAILTEX, a

publicly traded US firm headquartered in San Antonio, Texas, that presently owns and operates 23

federal railroads in the United States, Canada, and Mexico. These lines range in length from only 25

miles to 525 miles, covering all five time zones, 15 states, 2 provinces in Canada and 1 state in

Mexico. RAILTEX was started as a car leasing firm in 1977 and has grown to operate 2700 route

miles and 223,000 revenue car loads in 1993. Purchased from Canadian National, the CBNS is

among the strongest and most profitable on RAILTEX' s roster.

The CBNS began operations October 1, 1993, and runs from a connection with Canadian

National at Truro to Sydney, Nova Scotia - a distance of approximately 250 miles. The road also

connects with the Cape Breton Development Corporation's DEVCO Railway in Sydney, and ferries

owned by Marine Atlantic in North Sydney. Marine Atlantic connects Newfoundland with the

mainland, moving containers lifted off flat cars at their terminal in North Sydney, Nova Scotia. The

line is shown in the map (following page). CBNS has a mix of traffic consisting of coal, paper,

steel, new and rebuilt rail cars, lumber and pulp wood, and intermodal Traffic to Newfoundland.

The CBNS will handle in excess of 26,000 revenue loads in 1994 with 13 locomotives.

The line maintains its Headquarters at Port Hawkesbury, Nova Scotia, located at the

approximate center of the railway. About one half of the CBNS lies within Cape Breton Island and its

only link to the mainland is a causeway that is half a mile long and up to 200 feet deep, crossing the

Strait of Canso. Prior to 1955, all traffic, rail and highway ahke, was obliged to ferry across the Strait.

*General Manager, CBNS



Figure 2. Train #407 Crossing the causeway between Cape Breton Island and the mainland.

The line employs 50 full-time and 5 part-time people. Canadian National had a staff of 11

5

on the line and an undetermined number of staff connected with the operation in their regional

offices in Moncoton, New Brunswick. Most of the employees hired by CBNS had worked for CN
prior to startup.

Operating without a union contract allows CBNS great flexibility in personal assignment and

cross training. Though it is a provincially regulated railways, the technical requirements are

virtually identical to Canadian National and Canadian Pacific Rail. The same level of expertise is

needed to test and maintain facilities and run 100 car trains as is found on the Class I Railroads. The

main difference is that some of these skills may only be required once or twice a month.

The flexibility that is inherent (essential) in the system permits efficient deployment of

personnel throughout the year when are where they are needed. It also allows supervisors to run

engines and switch cars, an operation that is very handy when a shipper requests a special switch.
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Figure 3. Train #407 arriving at Truro, Nova Scotia.

Although each General Manager reports to one of three Regional General Managers (the

regions are drawn more along the origins of the railways than their geographic location), all are

allowed tremendous autonomy. They are encouraged to run their respective properties, as President

Bruce Flohr is fond of saying, "It is as if it was their name on the bank note that was used to

purchase the railroad."

CBNS has been successful in drumming up new business. Canadian National got out of the

business of hauling saw and pulp logs years ago, but CBNS saw this as a natural source of traffic and

is now handling up to 150 cars a month from six different locations. The next big push will be in

intermodal traffic to the North Sydney/Industrial Cape Breton area with the cooperation of Marine

Atlantic and Canadian National. Indeed, as traditional traffic bases erode, many short line and

regional carriers may have no choice but to aggressively pursue intermodal business if they are to

have any control over their own destinies in the overall transportation network.

With the inevitable rationalization of Canada's rail network, sales of branch and secondary

lines to short line operators will most likely accelerate. The proposed amalgamation of CN and CPR
in eastern Canada will make several main lines available, which will have several large shippers that

require rail service. Sale of such lines to short line operators preserves the revenue stream for the

selling carrier, and improves its rate of return on assets while avoiding much of the negative political

fallout brought about by abandonment.

For those who are willing to take fresh and objective view of rail operations, feeder railways

will provide an exciting and challenging place to work as Canada realigns its transportation system.
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Excerpts from Annual Report of

Committee 1 - Roadway and Ballast

J. R. Zimmerman, Chairman

Status of Subcommittee assignments

Subcommittee 1 - Roadbed

D 1-2-86: Update the Manual sections 1.1 - 1.4. This assignment is ongoing. Expected completion

date is 1996.

Dl-1-93: This is a carryover from the old AREA Committee 9, and is expected to be completed in

1996.

Subcommittee 2 - Ballast

C2-1-86: An ongoing assignment to provide monitoring and recommendations regarding the AAR
ballast research program and other installations. The subcommittee is monitoring

FAST/HAL ballast and subgrade tests.

D2-1-88: Investigate and report on tamping methods and procedures and the relations to ballast

section compaction. This assignment is running into problems due to lack of funding and

participation.

D2-2-89: Study and report on the performance characteristics of hot plant mixed asphalt cemented

sub-ballast courses. This project is expected to be completed in 1995.

D2-3-89: To study the relationship between in-track performance of ballast materials and

laboratory results obtained by the Mill Abrasion test. This assignment is expected to be

completed in 1995.

Subcommittee 4 - Culverts

D4-1-88: To update Manual text relating to the installation of pipe culverts. This assignment was

completed in 1994.

D4-2-92: To develop Manual recommendations for procedures for culvert inspection. This

assignment is expected to be competed by August , 1995.

Subcommittee 5 - Pipelines

D5-2-81: To study the use of plastic carrier pipes. This assignment was competed in 1994, and its

findings were published in the AREA Bulletin.

D5-4-92: Prepare specifications for overhead pipeline crossings. This assignment is expected to be

completed in 1995.

Subcommittee 6 - Fences

D6-1-87: Develop manual material for security fencing. This assignment needs help from field

experts, and is expected to be completed in 1996.

Subcommittee 7 - Signs

D7-1-91: Review and update Part 7 of the Manual. This assignment is progressing slowly, and is

expected to be completed in 1996.

Subcommittee 8 - Tunnels

D8-2-87: To report on the Rogers Pass Tunnel. The subcommittee feels that this project has been

well documented, and recommends dropping the assignment.
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D8-1-87: Review and update Manual material. This assignment is progressing, and will include

the rapidly expanding tunneling technologies.

Subcommittee 9 - Vegetation Control

D9-2-89: Review and update Manual material for vegetation control.

Subcommittee 10 - Geosynthetics

DlO-1-89: Develop recommended practices for the use of geosythetics. There is currently a lack of

historical use of these products in railway application, as well as a lack of accepted

design criteria. This assignment is expected to be completed in 1996.

Excerpts from Annual Report of

Committee 2 - Track Measuring Systems

W. T. McCarthy, Chairman

Status of Subcommittee assignments

Subcommittee 1 - Track Geometry

D 1-2-92: Develop a recommended practice on how to identify and locate priority defects by track

geometry cars. This assignment will be sent out for letter ballot in 1995.

Dl-1-93: Track measuring vehicle capabilities. US and Canadian railroads were surveyed to

develop a comprehensive report on the capabilities of track geometry cars. This

assignment is approximately 80% complete, and is expected to be complete in 1995.

Dl-1-94: Develop recommended operating practices for track geometry cars. This assignment is

expected to be completed in March of this year.

D 1-2-94: Study of practices for the storage and use of track geometry car data. This assignment

will be completed at the end of 1996.

Dl-3-94: Report on relationship between track geometry car measurements and track performance.

This assignment will entail monitoring work being done by AAR using NUCARS. This

assignment is expected to be completed in 1996.

Subcommittee 2 - Rail Measurement Systems

D2-1-92: Develop a recommended practice for measuring rail parameters. This project is expected

to be completed in March of this year.

D2-1-93: Develop a recommended practice for the use of automatic rail measurement in the

planning of rail grinding and renewal. This assignment is expected to be completed at the

end of 1996.

Subcommittee 3 - Track Structure Assessment

D3-1-92: Develop a recommended practice for gage strength measurement. This assignment is

currently out to letter ballot and should be completed this year.

D3-2-92: Report on measurement systems related to track lateral stability. This assignment has

been delayed due to the concentration of the subcommittee on assignment 1 . This project

is expected to be completed in 1997.
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Excerpts from Annual Report of

Committee 4 - Rail

S. A. Atkinson, Jr., Chairman

Status of Subcommittee Assignments

Subcommittee 1 - Welding of Rail

Dl-1-94: Determine the feasibility of reconstruction of the railhead (metallizing a deposition of a

thin layer that reduces wear and/or improves fatigue resistance and/or decreases rolling

resistance). This assignment is expected to be completed in 1997.

Subcommittee 2 - Rolling of the Rail

D2-1-88: Web cracking of rail from roller straightening, this assignment was completed in 1994.

D2-2-88: Tolerance and method of measuring railhead radius. This project will be completed this

year.

D2-1-93: Develop a recommended practice for chamfering bolt holes. This project has bee

completed and sent out to ballot. A revision will be in this years edition of the Manual.

D2-2-93: Produce a standard for tags used on heat treated rail. This project is expected to be

completed in 1996.

Subcommittee 3 - Rail Statistics

C3-1-76: Rail statistics. This is an ongoing assignment to provide the industry with a central data

collection point.

Subcommittee 4 - Thermite and Repair Welding

C4-1-73: Update data on methods and equipment for making welding repairs to rail and turnouts,

including thermite welding. This is an ongoing assignment to provide the industry with

the latest processes and procedures on rail welding.

Subcommittee 5 - Physical Testing and Measurement

C5-1-78: Rail specifications, research and development. This assignment provides a forum for

R&D work with rails, rail mills, and other improvements to be discussed.

D5-2-88: Wheel/rail profiles. This is an ongoing assignment.

D5-1-92: Investigate railroad rail specifications to try to standardize on one industry AREA
specification. This assignment is expected to be completed in 1996.

D5-1-93: Develop specifications that will cover the microcleanliness of rail steel. This assignment

is expected to be completed in 1996.

D5-1-94: Develop standards for track work rails. This assignment is expected to be completed in

1996.

Subcommittee 6 - Joint Bars

C6-1-62: Joint bars; design, specification, service tests, including insulated joints and compromise

joints. This is an ongoing assignment.

D6-1-92: Develop specifications for polyurethane encapsulated joint bars and fiberglass joint bars.

This assignment is expected to be completed in 1995.
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Subcommittee 7 - Grinding, Lubrication, AAR and FAST Testing

D7-1-68: Effects of heavy wheel loads on rail. This is an ongoing assignment to keep the industry

informed on HAL experience.

D7-1-93: Develop drawings of templates depicting the preferred profiles for optimal rail grinding.

This assignment is expected to be completed in 1996.

D7-2-93: Develop recommended practice for measuring lubrication levels on rail heads, also

specifying acceptable tribometer levels. This assignment is expected to be completed in

1996.

Subcommittee 8 - Non-destructive Inspection

D8-1-93: Develop a drawing of a test rail for ultrasonic purposes. This assignment is expected to

be completed this year.

D8-1-94: Investigate different techniques (non-destructive testing-ultrasonics) to determine

residual stresses within rails after rolling and in track. This assignment is expected to be

completed in 1997.
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Excerpts from Annual Report of Committee 6 -

Buildings and Support Facilities

J. H. Smith, Chairman

Status of Subcommittee Assignments

D-3-87: Design Criteria for Wheel and Bearing Shops

This assignment has been completed.

D-4-89: Design Criteria for Material Distribution Centers

This assignment is 80% complete. It is currently on hold until a new chairman is found.

D-5-89: Design criteria for Centralized Maintenance of Way Facilities.

This assignment is complete, and the new section is printed later in this bulletin.

D-6-92: Railroad Shop Noise Sources

The committee recommends the dropping of this assignment.

Excerpts from Annual Report of Committee 7 -

Timber Structures

J. L. Lileikis, Chairman

Status of Subcommittee Assignments

C-1-53: Specifications for Design of Wood Bridges and Trestles

The subcommittee chairman has expended an enormous amount of time and energy in

preparing an extensive number of graphs and charts depicting E80 stringer loading and pile load

distribution. The Committee is now evaluating what information (charts and graphs) should be

included for manual revision. Finalized information should be available for manual update next year.

C-2-90: Timber Technology Applications

The format and style of proposed manual material for Stress Laminated Timber is being

revised. Material to be included will be design examples, charts and specifications. Three different

species of timber are being specified, with span lengths from eleven to fifteen feet. The proposed

material should go to Committee Review and letter ballot in 1995.

D-4-82: Effects of Unit Trains on Timber Trestle Components

The scope of this subcommittee has been drastically revised, requiring this subcommittee to be

dropped and replaced with D-7-94: Effects of Heavy Axle Loads on Tiomber Structures. This has

been submitted to the Board for approval.

D-5-89: Notes on Recommended Practices

Work on this Subcommittee has been completed. Letter ballots have been received and the

material has been approved for submission to the manual by the Committee.

D-6-89: Specifications for Timber Bridge Ties

Work on this Subcommittee has been completed. Letter ballots have been received and the

material approved. A "Manual Ready" version is being prepared by technical report writers for

submission to headquarters as a manual revision.
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Excerpts from Annual Report of Committee 8 -

Concrete Structures and Foundations

G. J. Meyer, Chairman

Status of Subcommittee Assignments

Subcommittee 1 - Design of Concrete Structures

Dl-1-84: Develop specification for precast and cast in place concrete segmental bridges.

Assignment has been approved by full committee ballot, will be published as bulletin

information and published in 1995 manual.

Dl-1-90: Recommended practice for concrete slab track. Assignment has been approved by

subcommittee ballot and is out for ballot to entire committee.

D 1-5-87: Investigate applicable impact factors. This assignment was on hold, pending test results

from AAR Research. Those results were presented at the September, 1994, meeting. A
recommendation will be presented this year.

Dl-1-94: Review Part 16 - Design of Precast Boxes and Part 13 - Design of Cast-in Place Boxes.

This assignment will combine and update Parts 13 and 16. Assignment writing has been

completed as a metric specification with English units in parenthesis. Will go to

Subcommittee for ballot and comments.

Subcommittee 2 - Design of Retaining Structures

C2-2-90: Design of Proprietary Walls - Review specification to be prepared by Committee 1 for

design of each retaining walls.

D2-2-89: Commentary for Part 20 - Flexible sheet pile bulkheads. This assignment is complete.

Manual material was published in 1994.

D2-2-90: Temporary protection for construction. Provides specification for the design of

temporary shoring for excavation near a track structure. Progress being made on

assignment. Will become a new Part 28 in Chapter 8.

D2- 1 -94: Revision of Part 5, "Retaining Walls and Abutments. Include specification for scour at bridge

piers and abutments in Part 5. Coordinates with Subcommittee Assignment D4-4-88.

Subcommittee 3 - Durability of Concrete and Waterproofing

C3-1-88&

C3-1-93: Prepare a specification and commentary on cold, liquid applied Elastomeric Membrane.

New specification for products used to waterproof bridges. C3-1-88 is an ongoing

assignment to review Chapter 29 -Waterproofing.

C3-1-90: Prepare commentary for Part 1. This assignment is complete and has been submitted for

publication in the manual.

C3-2-89: Review and rewrite Part 1, as necessary. This assignment is ongoing to review and

update Part 1

.

D3-3-90: Prepare manual material on alkaline aggregate reaction.

D3-4-90: Review specifications available on fiber reinforced concrete for possible development of

a manual specification. This assignment will provide specification for use of fiber

reinforced concrete. The research has been completed, specification being written.

D3-1-92: Material specification for sulphur concrete. Material prepared and letter ballot issued to

the subcommittee.
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Subcommittee 4 - Repair and Rehabilitation of Concrete Structures.

D4-1-91: Commentary for Part 14 - Repair and rehabilitation of concrete structures.

D4-2-93: Effects of fire on concrete structures. This assignment Provides information to assess

damage to concrete structures from fire.

D4-1-93: Update Part 21 - Inspection. Creates a specification for a new method of constructing a

railroad bridge.

D4-4-88: Develop specification for prevention of scour damage at piers.

Subcommittee 5 - Seismic Design

D5-1-89: Develop seismic design criteria or retrofit specifications or guidelines. This assignment

is recommended to be dropped, as it overlaps the work of Committee 9.

Subcommittee 6 - Design of Foundations

D6-1-92: Develop recommended practice on design of combined footings. This assignment was

completed, and is recommended to be dropped. The material has been submitted for

publication in the manual.

D6- 1 -93 : Update Part 24 - Drilled shaft foundations.

D6-1-95: Write a history, theoretical basis and/or rationale for some of the specifications in Part 24.

This assignment is expected to be completed in 1997.

Excerpts from Annual Report of Committee 9 -

Seismic Design of Railway Structures

K. L. Wammei, Chairman

Status of Subcommittee Assignments

Subconunittee 1 - Post Seismic Response and Existing Structures.

Five letter ballots have been submitted to the committee for vote. Three of these ballots were

submitted for manual publication. Two are currently under subcommittee review.

Subconunittee 2 - Design and Basic Concepts.

Two letter ballots have been submitted.

Subconunittee 3 - Retrofit.

Subcommittee 4 - Buildings, Track and Other.

Excerpts from Annual Report of Committee 11 -

Engineering Records and Property Accounting

S. D. Jensen, Chairman

Status of Subconrmiittee Assignments

Subcommittee 1 - Accounting

Cl-2-90: Study and report on contemporaneous accounting issues applicable to rail operations.

This is an ongoing assigimient. A proposal was submitted to the ICC, and the committee

is awaiting a response in the form of a Proposed Rule Making.
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Subcommittee 2 - Fixed Asset Reporting

D2-2-88: Study and report on fixed asset systems and the relationship between fixed assets and

financial reporting. This assignment will be completed in 1995.

Subcommittee 3 - Taxes

C3-1-88: Study and report on the impact of federal, state, and local taxation issues within the rail

industry.

Excerpts from Annual Report of

Committee 12 - Rail Transit

C. D. Wylder, Chairman

Status of Subcommittee Assignments

Subcommittee C-1-87 - Rail Corridor Evaluation

This is an ongoing assignment. There is currently information in the manual.

Subcommittee C-2-87 - Special Track and Roadway Considerations for Rail Transit

Information has been published in both the bulletin and the manual. This is an on-going

assignment.

Subcommittee C-3-87 - Special Bridge and Structural Considerations for Rail Transit

There is currently material in the manual, and additional material is being reviewed at this time.

Subcommittee C-4-88 - Rail Transit Electrification

Collaborating as Necessary with Committee 33: Manual material is currently being reviewed

for publication.

Excerpts from Annual Report of

Committee 14 - Yards and Terminals

R. N.Zimmer, Chairman

Status of Subcommittee Assignments

C-2-88: Collaboration with the Transportation Research Board (TRB) Committee on Intermodal

Freight Terminal Design. This is a continuing assignment.

D-8-88: Develop Material for Section 4.5 of the Manual on Bulk Fluids. This assignment is

expected to be completed this year. A draft version is currently being reviewed by the

full committee.

D-2-89: Develop Material for Rail-Water Transfer Facilities. This project expects to be

completed in 1996. It is currently undergoing a change in leadership.

D-5-91: Security at Auto/Rail Terminals. This project was completed in 1994. and is currently

out for letter ballot.
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D-9-92: Industrial Waste Water Treatment and Disposal. This assignment was completed and

requested to be dropped.

D- 10-92: Retarders and Noise Barriers. This assignment is expected to be completed this year.

D-1-93: Design of Waste Handling Facilities. This assignment is expected to be completed in

1996. No significant progress has been reported thus far.

D-2-93: Control of Railcar Speed and Routing on Conventional Ladder Tracks (Flat Yards). A
preliminary draft has been submitted to the committee for review. It is expected that this

assignment will be completed in 1995.

Excerpts from Annual Report of

Committee 15 - Steel Structures

J. E. Barrett, Chairman

Status of Subconmiittee Assignments

Subcommittee 1 - Design Loadings and Stresses

Dl-1-87: Obtain data from which the frequency of occurrence of maximum stress in steel railway

bridges may be determined under service loading. Further action on this matter awaits

the results of the AAR/NSF Bridge Research Program.

Subcommittee 2 - Materials

C2-1-92: Review and update fracture control plan. This assignment has been completed, and

appropriate elements are in the AREA Manual. The fracture control plan will be updated

as additional data becomes available.

Subcommittee 3 - Fabrication and Erection

C3-1-86: For steel fabrication develop materials, methods, quality control procedures and

qualifications of fabricators. This work is progressing steadily.

Subcommittee 6 - Repairs and Maintenance

D6-1-88: Develop methods for repairing damaged steel bridge members. Articles 7.2, 7.4, and 7.5

are currently being rewritten. This assignment is estimated to be completed in 1996.

Subcommittee 7 - Special Types of Construction and Miscellaneous

D7-1-93: Painting. To prepare recommendations for shop and field coating of new structures, and

maintenance and field coating of existing structures. It is estimated that this assignment

will be completed in 1996.

Subcommittee 8 - Commentary and Bibliography

C8-1-60: Develop bibliography and technical explanation of various requirements in AREA
specifications relating to iron and steel structures. Current issues involve the

supplemental live loading, design fatigue, and metrication. This work is ongoing.

Metric Conversion: Presentations on formula conversions, loadings, and various other porions of

Chapter 15 will be dealt with during 1995.
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Excerpts from Annual Report of Committee 16 -

Economics of Railway Engineering and Operation

J.F.R. Gussow, Chairman

Status of Subcommittee assignments

D-3-92: Economics of train delay. This subcommittee is currently looking for a new chairman.

This assignment will help determine the effects of maintenance on train operations.

D-4-92: Utilization Considerations of High Performance Locomotives. This assignment is

expected to be completed in 1995.

D-5-92: Renewal with Concrete Ties, Complete or Part. This assignment is just beginning, and

will assist in establishing the economics of installing concrete ties.

D-6-92: Economics of Various Surfacing Gang Consists Used by Railroads in North America.

This assignment was completed in 1994, and a verbal report was made to the committee.

D-7-92: Economics of Various Vegetation Control Methods, Collaborating with Committee 1.

This assignment was completed in 1994.

D-8-92: Track Time Usage. This assignment is 30% complete, and is in need of a new

subcommittee chairman.

Excerpts from Annual Report of

Committee 17 - High Speed Rail

A. J. Shaw, Jr., Chairman

Status of Subcommittee assignments

Subcommittee

D-1-89: Corridor Evaluation. This assignment was sent out to letter ballot in 1994, and should be

in the 1995 AREA Manual.

C-1-89: Track Structures, Track Train Interactions. An outline of this material was published in

the AREA bulletin in 1994. A portion of it will be published in the 1995 Manual.

C-2-89: Vehicles, Control, and Propulsion System Considerations for High Speed Rail,

Collaborating on Electrification with Committee 33 - Electrical Energy Utilization, and

the AAR Communications and Signals Division. This is an ongoing assignments whose

outline was published in the AREA bulletin in 1994. The first part of this assignment

should be published in the 1995 version of the Manual.

Excerpts from Annual Report of

Committee 18 - Short Lines and Regionals

R. Larsen, Chairman

Status of Subcommittee Assignments

Subcommittee 1

Cl-1-90: Recommend practices concerning the use of second hand track material, including

inventory of rail and OTM 100; and less. This is an on-going assignment. A
questionnaire is currently being established.
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CI -2-90: Recommend practices for obtaining, maintaining, organizing and operating maintenance

of way work equipment on shortlines. This is an ongoing assignment.

Subcoinniittee 2

D2-1-90: Investigation of the special considerations for obtaining contracted engineering, repair,

and maintenance services for shortlines.

D2-2-90: Investigate inspection criteria for shortlines.

D2-3-92: Compile a list of the documents which describe the engineering assets of a railroad,

collaborating with committee 1 1

.

D2-4-92: Develop recommended practices for budgeting and planning the engineering work of

short line and light density lines, collaborating with committee 16.

Excerpts from Annual Report of

Committee 24 - Engineering Education

R. G. McGinnis, Chairman

Status of Subcommittee assignments

Subcommittee 1 - Continuing Education

Cl-1-71: Continuing Education. A symposium on Bridge Timber and Cross Ties was held

following the 1994 Annual Conference. A seminar on the "Design of Intermodal

Terminals" is scheduled to follow the 1995 Conference. This is an ongoing assignment

to improve the overall knowledge of AREA members.

Subcommittee 2 - Student Relations

C2-1-82: Recruiting of Engineering Student Graduates. This is an on-going assignment.

C2-2-88: Student Interest Award Program. This is an on-going assignment. The winner of the

1993 SIAP, Jennifer Messick, had her paper published in the October 1994 Bulletin.

C2-4-71 : Student Relations. This is an ongoing assignment.

Subcommittee 3 - Faculty Relation

C3-1-85: Faculty Relations.

C3-2-82: Speakers for Student Groups. Speakers at AREA Technical Conferences are being

contacted with respect to furnish copies of their presentations to professors. This is an on-

going assignment.

Excerpts from Annual Report of Committee 27 -

Maintenance of Way Work Equipment

J. L. Condon, Chairman

Status of Subcommittee assignments

C-1-74: Reliability Engineering as Applicable to Work Equipment. This is an ongoing

assignment. Efforts are currently focusing on standardizing definitions and measurement

of reliability and equipment down time.
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C-2-83: Preventative Maintenance for Maintenance of Way Equipment. This is a highly

controversial topic. Progress awaiting approval to question vendors.

D-2-86: Computer Applications Within Work Equipment Organization. Progress on this

assignments continues in the area of electronic bulletin boards for service bulletins and

modifications equipment.

C-3-92: Maintenance of Work Equipment Safety and Ergonomics. A workshop was presented in

October 1994 by the AAR addressing ergonomic issues.

D-1-77: Training Programs for Machine Operators and Maintenance Personnel. This committee

is on going, and is currently pursuing a library of available videotapes for all sources of

information. This committee has recently undergone a change in leadership.

Excerpts from Annual Report of

Committee 28 - Clearances

p. M. Williams, Chairman

Status of Subcommittee assignments

Cl-1-62: Compilation of the Railroad Clearance Requirements of Various States. This is an on-

going assignment. All States have been updated with the exception of New Mexico and

Rhode Island.

C-2-85: Compilation of a Comprehensive Glossary and Bibliography Pertaining to the Technical

Literature on Railroad High and Wide Clearances. This is an on-going assignment. The

subcommittee is planning to print out a loose leaf format of terms to be given to

interested parties.

C-3-91: Research, Report and Provide Equipment Clearance Diagrams (Plates) as Required. The

AAR has published the revised Plate H diagram along with companion diagrams. Further

study of equipment vs plates is being undertaken.

C-5-92: New Designs in Intermodal Containers and Their Affect on Clearances. The

subcommittee is presently researching major car manufacturers to determine what kind of

future equipment is being considered.

D-3-85: Conversion of "Heavy Capacity and Special Type Flat Car" Section of the Official

Railway Equipment Register Section to UMLER Compatible Format. A review of all

heavy duty car types has been undertaken and a listing of odd car footprints has been

compiled.

D-4-85: Research and Develop Book Covering Heavy Duty Car Diagrams and Ratings. This

information will be published this year.

D-6-89: Recommendations for a Uniform Electronic Clearance Message. This subcommittee is

currently working with the TG5 committee to develop a standard clearance transaction

set for the rail industry.

D-7-92: Clearances for Highway Structures over Railroads. The diagrams and write-up are being

finalized. They should be ready this year.
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Excerpts from Annual Report of

Committee 30 - Ties

J. F. Scott, Chairman

Status of Subcommittee assignments

Subcommittee 1 - Cross, Switch and Bridge Ties

Cl-2-63: Keep up-to-date specifications for all types ties. This is an on-going assignment.

Cl-1-62: Investigate possible revision of cross ties design and/or spacing. This assignment will be

keeping track with respect to 286 and 315 kip cars.

Subcommittee 2 - Wood Preservatives and Preservative Treatment of Forest Products

C2-1-63: Keep up to date specifications for preservatives and update research for new

preservatives. This is an ongoing assignment.

C2-2-63: Keep up to date specifications for seasonings, conditioning and treatment. This is an on-

going assignment.

C2-3-63: Advisability of preparing specifications to cover care and handling of forest products

before and after treatment. This is an on-going assignment.

Subcommittee 3 - Collaborate with AAR Research and Test Department and Other

Organizations in Research and Other Matters of Mutual Interest.

C3-1-76: Substitute for sawn-wood ties. This is an on-going assignment.

C3-4-82: Monitor progress of each subcommittee and assist with an appropriate exchange of

technology between AAR and AREA. This is an on-going assignment.

C3-2-94: Monitor progress of AAR rail seat abrasion committee.

C3-3-94: Monitor progress of AAR tie research.

Subcommittee 4 - Strength Requirements

C4-1-87: Monitor developments in prestressed and reinforced concrete technology which may

affect concrete tie requirements. This is an on-going assignment.

D4-2-89: Investigate impact resistance and design requirements for ties. This project is expected to

be completed in 1997.

D4-2-87: Evaluate acceptance criteria for repeated load tests. This project is in progress, with no

completion date specified.

Subcommittee 5 - Fastenings

D5-1-83

D5-2-83

D5-3-86

Revise current test requirements.

Investigate the effects of axle loads and tie spacing on fastening requirements.

Review and recommend revisions of the load magnitude specified for the fastening

repeated load tests. There has been good progress on this assignment to date. No
completion date has yet been specified.

Subcommittee 6 - Durability

D6-1-89: Resistance of concrete ties to alkali aggregate reaction.

D6-2-89: Resistance of concrete ties to freezing and thawing. This assignment is expected to be

completed in 1996.



Committee Annual Reports 19

D3-3-89: Resistance of concrete ties to rail seat abrasion, including during construction. Extensive

on site testing has resulted in recommended procedures for combatting this problem.

This assignment should be completed in 1997.

Subcommittee 7 - Maintenance Requirements

D7-1-87: Maintenance requirements of ties. There has been slow progress on this project.

Subcommittee 8 - Tie Disposal

D8- 1 -89: Tie Disposal Alternatives.

Excerpts from Annual Report of

Committee 34 - Scales

W. G. G^Meiner, Chairman

Status of Subcommittee Assignments

C-1-85: Preparation of subjects for publication. This is an ongoing assignment. The Scale

Handbook was completely redone in 1 994.

C-2-82: Innovations in scales used in connection with operations of railroads. This assignment

evaluates new technologies to determine their relevance and suitability pertaining to

application and cost effectiveness in a railroad environment.

D-2-87: Investigate stenciling of cars using coupled-in-motion weights. The final report for this

assignment has been forwarder to the AAR TSS committee for comments.

D-3-90: Track scales testing guidelines, test and inspection forms. Recommends uniform

reporting criteria. The static report is complete, work continues on the motion report.

D-4-91: Railroad master scale program. This assignment will provide a condition evaluation

report for raiboad master scales.
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Proposed Revisions to Chapter 1 -

Roadway and Ballast

Part 4 - Culverts

Page 1-4-57, Article 4.12 Replace current article with the following:

4.12 Assembly and Installation of Pipe Culverts

4.12.1 General

This portion of the specification presents information pertaining to installation of pipe culverts

including alignment; construction methods and procedures; preparation of foundation; unloading and

assembly; placement and compaction of backfill; end treatment; and safety provisions.

This information is not intended to be all inclusive. The user should be aware that pipe

manufacturers provide installation instructions pertaining to their individual products. Additionally,

industry standards, as well as national specifications, are available to assist the user in proper

installation of pipe culverts. A partial bibliography of available references for pipe culvert

installation is included at the end of this section. Also, the reader is referred to Sec. 8.10.3 of this

manual for further information on the proper installation of concrete culvert pipe.

4.12.2 Alignment

It is important to properly locate the culvert in order to provide the stream with as direct an

entrance and exit configuration as possible. Inlet and outlet orientation can be improved by means

of a channel change or skewed alignment or a combination of both. Elbows, typically less than 45°,

can be installed in the culvert to facilitate alignment changes. However, such alignment changes

must be approved by appropriate governing agencies and the railroad Chief Engineer.

Proper culvert alignment also involves attention to grade line. Culvert grade is essential to the

effective and safe functioning of the structure. The ideal grade for a culvert is one which results in

neither silting nor in excessive velocities and scour. Culvert line and grade is to be established by

the project engineer.

4.12.3 Construction Methods

Pipe culvert installation may be by open embankment construction, trench excavation,

tunneling, jacking, or a combination of such methods, depending upon site conditions and

requirements.

Trench construction, if done improperly, can be one of the most dangerous situations in

construction. In situ soil strength and groundwater elevation must be considered. Consult a

qualified geotechnical engineer for design of excavation supports as required. The pipe contractor or

railway must strictly conform to all Federal, State and Local regulations and, in particular, the

requirements of the Occupational Safety and Health Administration (OSHA).

Refer to Sec. 4.14 of this manual for information on earth boring and jacking culvert pipe

through fills.

4.12.4 Preparation of Foundation

Pressures caused by both live and dead loads are transmitted from the pipe culvert to the

sidefill embankments and the strata underl-ying the pipe. The supporting soil under the

embankments and the pipe must provide required support without excessive settlement. Precautions

for soft foundations and for rock strata must be considered if applicable.
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Where the underlying foundation material is unsuitable, this material must be removed and

replaced with suitable bedding material placed and compacted to provide a continuous foundation

that uniformly supports both the culvert pipe and the sidefill embankments.

If rock layers are encountered at design culvert invert grade, this rock must be excavated

underneath the pipe culvert and replaced with suitable compacted bedding material. The depth of

over-excavation required will be dependent upon culvert size and height of cover. However,

generally a depth of 12" - 24" is sufficient.

4.12.5 Handling and Unloading

Pipe shall be shipped and handled in such a manner as to prevent damage to the pipe or to the

pipe coating. Pipes shall not be dropped or dragged over the ground. Pipes shall be handled by

slings, forks, etc., as required by pipe weight and site conditions. Safety of workers is of paramount

importance in all handling operations. Consult with pipe manufacturer regarding specific handling

and lifting precautions and requirements. Rough handling is to be avoided. Any damage to coated

pipes shall be repaired with an approved field repair method prior to installation.

Pipe culvert materials must be properly stored if extended time will elapse prior to

installation. Pipe coatings or pipe materials affected by UV rays or temperature extremes should be

stored under a protective shelter until they can be properly installed. In the case of structural plate

culverts, plates should be stored in a manner where moisture will drain rather than collect in the

plates. Protected storage is preferred. Stacking plates to provide proper drainage and ventilation

helps prevent storage stains.

4.12.6 Assembly

Proper assembly of pipe culverts will be dependent upon a number of factors, including the

type of culvert pipe material; whether the pipe is factory pipe or field-bolted structural plate pipe; the

type of pipe joints; site conditions; etc.

Joints for pipe culverts can be especially critical depending upon the soil type and conditions,

slope of the culvert, infiltration and exfiltration requirements, etc. Field joints must meet the

performance criteria established by the project specifications.

It is not the intention of this text to address the specifics of assembly for all pipe culvert

products. Rather, the culvert pipe manufacturers should provide assembly instructions for their

products. In addition, the reader is referred to the bibliography, 4.12.12, at the end of this section for

more detailed information regarding assembly of culvert pipe.

4.12.7 Backflll

Proper backfill material selection, placement and compaction is essential to the satisfactory

performance of pipe culverts. Railroad and highway engineering departments should have

established criteria for construction of fill embankments. While such fill requirements may be

adequate for pipe culvert installations in general, specific requirements may vary depending on pipe

culvert material, size and shape; fill heights and in situ conditions.

Generally, the selected culvert backfill material should be a well graded granular material,

although cohesive materials can be used if careful attention is given to compaction and optimum

moisture content. Use of excavated, on site material may be possible provided this material

possesses the required engineering properties. The selected fill material must be free from large

clods, frozen lumps, rocks, debris and organic material. Extremely fine granular fill may not be

suitable due to the possibility of infiltration and piping action. However, use of a filter fabric

separator between fill materials of dissimilar size may solve this problem.
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Special care must be taken to provide proper bedding and haunch support for the pipe. See

Figure 4.12.1. A relatively loose layer of bedding (generally several inches thick) should be placed

under the pipe. However, the fill in the haunch areas is to be carefully compacted to provide support

in these critical areas. This is especially important for pipe-arch shapes.

The selected backfill material should be placed in layers not exceeding 6" to 8" thickness and

compacted to specified density at or near optimum moisture content. Care must be taken to maintain

balanced loading on the pipe culvert by keeping the fill level approximately equal on both sides of

the pipe at all times. Generally, a compaction density conforming to 90% of ASTM D698 (Standard

Proctor) should be adequate. However, individual project specifications will control.

Flowable fill material such as cement slurry and other controlled low strength materials

(CLSM) may be used if economically justifiable. Care must be taken to maintained balanced

loading and pressure on the culvert pipe and prevent flotation of the pipe.

The width of the select fill envelope will be dependent upon site conditions. In narrow trench

installation conditions, the select fill must fill the trench from the culvert pipe to the trench wall.

Trench width will normally be controlled by the width necessary to install connecting bands or to

assemble plates as well as by the width necessary to permit proper placement and compaction of the

backfill. Generally a distance of 1/2 diameter to 1 diameter each side of the pipe is adequate for

embankment installations. However, the project engineer must make this determination, taking into

account pipe size and shape, height of cover and live load pressures, and in situ soil parameters.

The select backfill material is to be placed and compacted to a point where minimum cover

height above the pipe for anticipated live loads is reached. The remainder of the fill can be standard

embankment (or trench) fill meeting the specifications for the given project.

Compaction of the backfill must be performed in a carefully controlled manner to ensure

uniform, dense backfill. Compaction equipment used must not cause distortion to the culvert pipe.

Lighter equipment should be used immediately adjacent to the pipe and for the first few lifts above

the pipe.

Proper protection must be provided for anticipated construction loads. Additional fill material

- properly placed and compacted - may be needed as a temporary protective pad for heavy

equipment loads in excess of design loads for the pipe culvert.

4.12.8 Multiple Installations

When two or more culvert pipes are installed in adjacent, parallel lines, the spacing between

the pipes must be adequate to allow proper backfill placement and compaction. This minimum

spacing will be dependent upon the shape and size of the pipe culvert, type of end treatment

proposed, type of backfill material and type and size of compaction equipment used. Figure 4.12.2

provides some general guidelines.

Where the limits on structure spacing are restrictive, the use of flowable fill, CLSM, or low

strength portland cement grout, between structures often can reduce the spacing requirements to a

practical limit equal to the few inches required for hoses, nozzles, etc. used to place this backfill.

4.12.9 End Treatment

Proper end treatment is critical to protect the culvert pipe from washout, piping, undermining,

scour, etc. Slope paving, rip rap, headwalls/wingwalls, end sections, cut-off walls and toe walls are

possible end treatment details which can be incorporated into culvert design. Warped fill

embankments may be needed to provide balanced loading near the ends of culverts that are skewed

to the embankment. See Figure 4.12.3 for clarification. Protection of the pipe culvert installation

from hydraulic action is critical during all phases of construction.
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Figure 4.12.2. Minimum permissible spacings for multiple installations

4.12.10 Protection of Pipe Culvert From Construction Loads

It is important to protect pipe culvert structures throughout the construction process because

the structure does not develop full structural capacity until it is properly installed in an adequate

backfill envelope including sufficient minimum cover for anticipated live loads. Heavy construction

equipment must not cross the pipe culvert until sufficient minimum cover height has been achieved.

In addition, heavy equipment is to be kept away from the sides of the pipe culvert to avoid

unbalanced loading and possible culvert distortion or displacement. The culvert manufacturer

should be contacted regarding any questions about minimum cover and equipment loads.

4.12.11 Safety Provisions

Individual railroads may require specific precautions as deemed advisable to insure the safety

of the trains, tracks and construction workers throughout the pipe culvert installation process.

Regardless of the installation methods chosen, the track must be adequately supported during

construction. All procedures involved in the installation must comply with applicable guidelines and

regulations, including OSHA requirements.

4.12.12 Installation Bibliography

1. "Handbook of Steel Drainage & Highway Construction Products," American Iron and Steel

Institute, Installation and Construction Chapter.

2. "Modem Sewer Design," American Iron and Steel Institute, Construction Chapter.

3. "Sewer Manual for Corrugated Steel Pipe," National Corrugated Steel Pipe Association,

Construction and Installation Chapter.

4. Installation Manual for Corrugated Steel Drainage Structures," National Corrugated Steel Pipe

Association.
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IMPROPER BAL^JHCE
Joe of Slope

PROPER BALANCE

PLAN VIEW OF CULVERT CROSSING
ISOMETRIC VIEW SHOWING

PROPER WARPED FILL DETAILS

Note: d - 1.5(Rise + Cover)

SECTION A-A

Shows unbalanced soil

load ocross the borrel

of improperiy inrtallad

culvert.

SECTION B-B

Shows balanced soil

lood across the borrel
of properly installed

culvert.

Figure 4.12.3. Warped flll may be needed to balance loads across ends of culverts.

"Standard Specifications for Highway Bridges," American Association of State Highway and

Transportation Officials, (AASHTO) Division II - Construction, Section on Metal Culverts.

"Standard practice for Installing Factory-Made Corrugated Steel Sewer Pipe," ASTM A798,

American Society for Testing Materials.

"Standard Practice for Installing Factory-Made Corrugated Aluminum Pipe," ASTM B788,

American Society for Testing Materials.
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Proposed 1995 Manual Revisions to

Chapter 3 - Ties and Wood Preservation

Part 6 - Wood Preserving

Page 3-6-3, article 6.3. Change reference to Standard M2-89 of the AWPA to Standard M2-90:

...can be found in Standard M2-90, paragraph 3.3, of the Standards of the American Wood-

Preservers' Association. The objective of such conditioning is to create seasoning checks before

treatment if possible rather than have them develop after treatment and possibly expose untreated

wood.

Page 3-6-9. Delete line in Table 3.5 "Controlled Air Drying."

Part 7 - Specifications for Preservatives

Page 3-7-5, article 7.7. Change the Note to read as follows (change is in last sentence):

Note—This preservative is recommended onlyfor above-ground use. It is approved specifically

for the treatment ofwood which might come in contact with food-stuffs. A retention of0.2 lb per cuft

(0.02 as oxine copper) is recommended.

Page 3-7-6, article 7.8, note 3. Replace note with (change is in first sentence):

Note 3: When hydrocarbon solvent Type A is used to treat species where steaming

conditioning is employed, it is recommended that the solvent have a maximum specific gravity 0.910

at 60 F (minimum API gravity 24), ASTM Standard D 287. This will help avoid the formation of oil-

water emulsions.

Page 3-7-10. Delete article 7.16 Chromated Zinc Chloride (CZC).

Page 3-7-11, article 7.17. Delete reference to CZC, renumber to Article 7.16:

7.16 pH OF TREATING SOLUTIONS

Part 9 - Specifications for Treatment

Page 3-9-2, article 9.1.1. Replace article with the following (additional copy at end of first sentence):

Treating plants shall be equippped with the thermometers and gages necessary to indicate and

record accurately the conditions at all stages of treatment, and all equipment shall be maintained in

acceptable, proper working condition and meet the requirements of AWPA Standard M-3. The

apparatus and chemicals necessary for making the analyses and tests required by the purchaser shall

also be provided by plant operators, and kept in condtion for use at all times.

Page 3-9-5, article 9.2.3.1. Change the second paragraph to read as follows:

The temperature of the preservative during the entire pressure period shall not exceed the

maximum temperatures but shall average at least the minimum temperature shown in Section 7 -

Specified Requirements of Part 6 - Wood Preserving.

Page 3-9-5, article 9.2.3. 1 . Delete the word "speedily" from the first sentence of paragraph 3:

After pressure is completed, the cylinder shall be emptied of preservative solution and a

vacuum of not less than 22 in. at sea level created promptly and maintained until the wood can be

removed from the cylinder free of dripping solution.
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Page 3-9-5, article 9.2.3.1. Delete the word "is" following "vacuum, the steam" in the first sentence

and delete the word "speedily" from the last sentence of paragraph 4:

An expansion bath may be applied after pressure of an oil treatment is completed and before

removal of preservative from the cylinder, by quickly reheating the oil surrounding the material to the

maximum temperature permitted by the individual species specification, either at atmospheric pressure

or under vacuum, the steam to be turned off the heating coils immediately after the maximum
temperature is reached. The cylinder shall then be emptied of preservative and a vacuum of not less

than 22 in. at sea level created promptly and maintained until the wood can be removed from the

cylinder free of dripping preservative.

Page 3-9-7. Delete article 9.6.4

Page 3-9-9, Table 1. Change the heading to read as follows:

Table 1.

Lumber, Timbers, Bridge Ties and Mine Ties - Preservative Treatment by Pressure Process
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Proposed 1995 Manual Revisions to

Chapter 4 - Rail

Part 1 - Design

Page 4-1-6, Replace current rail section with the following:

y. 2^'L
^

1

.

Rail Area (sq. in.) Head

Web
Base

Whole Rail

2. Rail Weight (lbs/yd) (based on specific gravity of rail steel = 7.84)

3. Moment of Inertia about the neutral axis

4. Section modulus of the head

Section modulus of the base

5. Height of neutral axis above base

6. Lateral moment of inertia

7. Lateral section modulus of the head

Lateral section modulus of the base

8. Height of shear center above base

9. Torsional rigidity is "KG" where

G is the modulus of rigidity &K=
(error for K greater than 10%)

4.92

3.39

5.01

13.32

135.80

94.20

23.70

28.20

3.34

14.44

9.83

4.82

1.64

6.24
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Part 2 - Specifications

Page 4-2-4.9. Replace article 12.3 with the following:

12.2.3 The drilling process shall be controlled so as not to mechanically or metallurgically

damage the rail.

12.3 Dressing of drilled rails shall be as follows:

12.3.1 Chamfer the entrance and exit sides of the holes. Aim for 1/32" minimum chamfer at an

aim 45-degree angle.

12.3.2 Bevel grind the radius and sides of the rail head 1/16" back (+1/32", -0") by 1/8" down

(+1/16", -0") when looking at the rail face.

Miscellaneous Part

Page 4-M-2, Replace current articles with:

^PURCHASES OF NEW RAIL
1995

(Reapproved with revisions 1995)

It is recommended that railroads restrict their purchases of new rail to the following sections;

115RE 133RE

119 RE 136 RE*

132 RE 140 RE

*10 inch head radius.

BEVELING OR SLOTTING OF RAIL ENDS
1995

(Reapproved with revisions 1995)

Where rail is to be beveled, it is recommended that such beveling extend '/i6 inch back from

the end and to a depth of Vg inch plus, from the surface.

(Also refer to current AREA Plan No. 1005 in Portfolio of Trackwork Plans).

Rail ends at bonded insulated joints shall not be beveled.

RECONDITIONING OF RAIL ENDS
1995

(Reapproved with revisions 1995)

Reconditioning of rail ends by welding, grinding, slotting or cropping is recommended as

good practice.

When slotting at insulated joints, any head overflow shall be removed flush with the rail end.

Care should be taken not to increase the existing gap and to minimize damage to the end post.
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Proposed 1995 Manual Revisions to

Cliapter 5 - Tracit

Part 3 - Curves

Page 5-3-4, 4. Formulas. Replace formulas (8) and (9) with:

y = 0.482 5 s - 0.00001264 8^ s (8)

X = 1 - 0.003048 52 s (9)

Proposed 1995 IVIanual Revisions to

Chapter 5 - Tracl(

Part 6 - Specifications and Plans for Tracic Tools

Page 5-6-2, article 7.1.2: In last sentence, change word "platter" to "flatter":

Track chisels (Plan No. 17-83), nut cutter (Plan No. 35-83), round track punch (Plan No. 19-83),

track spike lifter (Plan No. 32-83), 3 lb. hot cutter (Plan No. 36-83), 5 lb. hot cutter (Plan 37-83), drift

pin-short (Plan No. 38-83), drift pin-long (Plan No. 39-83), 3 in. square flatter (Plan No. 40-83).

Page 5-6-3, article 8.3.1. Replace table with:
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1

derailments associated with wheel ramping, chipped or broken points, or improper fit of switch

points to stock rails.

Section A below identifies specific conditions which can adversely affect stock rail and switch

point performance which, if not addressed in a timely manner, can result in premature wear and

deterioration of components and can compromise safe train operation. Section B provides criteria for

the repair or replacement of switch points and stock rails. These criteria should be considered as

maintenance limits and are generally more conservative and specific as compared with FRA Track

Safety Standards related to turnouts and switches. The maintenance limits provided are intended for

application to main line operations. Specific limits may be modified to suit yard, branch line, or side

track conditions or special situations such as turnouts located in curves.

A. Underlying Conditions Which May Cause Premature Wear, Degradation or Improper Fit of

Switch Points and Stock Rails.

General Turnout Condition

1. Vertical or horizontal alignment deviations may result in improper support and twisting

of stock rails and switch points. Stock rails and switch points must bear uniformly on

each switch plate.

2. Insufficient ballast and poor drainage may result in profile or alignment deviations

causing higher rolling stock dynamic forces and further turnout degradation.

3. Thermal expansion/contraction of rail in the main line or turnout side may result in

displacement of the turnout an possible gapping of the switch points. (Refer to Part 5 of

Chapter 5 of the AREA manual, "Rail Anchor Patterns, Number of Rail Anchors to

Resist Rail Creepage.")

Switch Stand and Rods

1. The switch stand may be worn, resulting in lost motion which could cause chipping,

premature wear, and improper fit of the points.

2. Switch throw as measured at the No. 1 rod may deviate from that specified for the

turnout design. Improper fit of the switch point to the stock rail will result.

3. The switch stand spindle may be bent to twisted, with the consequence that the throw of

the points may not be properly adjusted.

4. The switch stand housing may be cracked and will not restrain unwanted movement of

the mechanism. The consequence may be that the points will not fit tightly against their

respective stock rails.

5. The crank eye bolt, connecting rod bolt, or connecting rod may be broken. The crank

eye bolt hole or connecting rod bolt holes and bolts may also be excessively worn so as

to allow unwanted point movement.

6. The switch lock or lock keeper may be broken, or the lock keeper may be worn to the

point where the switch can be thrown with the lock in place.

7. The baskets of a power switch mechanism may be improperly set. Improper fit of the

switch point to the stock rail will be the consequence. (Maintenance is performed by the

Signal Department on some railroads.)

8. For turnouts incorporating long points, the hold down bolts on the auxiliary crank

mechanism may be loose or missing. Security and proper fit of the switch points and

stock rail may be adversely affected. (Maintenance is performed by the Signal

Department on some railroads.)
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9. In spring switches the mechanical switchman may be defective, or require hydraulic

fluid and adjustment. (Maintenance is performed by the Signal Department on some

railroads.)

10. The switch clips or clip bolts may be broken or the bolt nuts may be loose or missing.

The holes in the switch clip or switch rod, or the special rod bolt may also be

excessively worn so as to allow unwanted point movement.

1 1

.

The back rods may be loose such that the points may not be secure.

12. Bent switch rods with extensions may cause lifting of the switch points.

Point of Switch

1

.

One or more stops may be loose or missing. The point rail will bend under load causing

the tip of the point to shift or pry away from the stock rail.

2. One or more rail braces may be loose or missing permitting the stock rail to tip outward

under load. This may result in a gap between the point and stock rail.

3. The switch ties may not be sound or may be spike-killed, causing the stock rail to shift

away from the point rail and accelerated wear of components.

4. Incorrect gage at the point may cause accelerated wear of the point rail, and may prevent

proper point adjustment.

5. Undercut stock rails may not be cut in accordance with specifications such that improper

fit of the switch point may result.

6. The switch point tip may not be properly located relative to the stock rail bend or

undercut, resulting in rapid point wear.

7. Overflow of the stock rail or switch point may cause gapping and may result in chipping

and breakage.

8. Bent or damaged switch rods or switch clips may cause switch point rotation.

9. Fit of manganese insert tips may be compromised when the 5/8" distance from the top of

the stock rail to the top of the manganese tip is not maintained via regular inspection and

grinding during the wear period or life cycle of the manganese tip and stock rail. (Refer

to AREA Portfolio - Plan 220-52.)

Heel of Switch

1. The heel may not be properly supported. The heel of the point rail may deflect

downwards under wheel load causing the point to be deflected upwards and be struck by

a following wheel.

2. The heel block may be broken. This may cause the points to drift and may result in

misalignment of the point and closure rails.

3. The heel bolts or bars may be broken or bent causing drifting of the point.

4. The bolt holes at the heel of the switch may be out of round causing loss of restraint.

5. The thimbles at the heel may be crushed, resulting in chipping of the points or difficulty

in throwing the switch.

6. Poor tie support conditions may cause the heel block assembly to move under traffic and

increase gauge.

7. Over-tightened heel block bolts or shoulder bolts may limit the throw of the switch

point.



Proposed Manual Changes 33

B. Repair and Replacement Criteria for Switch Points and Stock Rails (for main line

operations).

1

.

Points require repair if chipped or flattened to the extent that they present a face more

than 3/16" wide for all points closing on the straight stock rail and all points of curved-

point turnouts closing on the bent stock rail. Points of straight point turnouts closing on

the bent stock rail may present a face up to 5/16" wide without requiring repair. If

approved by the Chief Engineer, switch points can be repair welded in the field.

2. When the switch point or stock rail has sustained "flow" of more than 1/8" causing the

point to stand out from the stock rail, excess metal must be ground off to obtain proper fit.

3. Make appropriate corrections when the switch point is less than 3/8" below the top of

the stock rail as measured at the top of the radius at the end of the point. This condition

indicates that the stock rail is worn or the point rail is not properly supported or seated.

4. Make appropriate corrections if the normal 1/4" point rail rise above the stock rail has

been compromised by point rail wear which could permit the overhanging part of

hollowed-out treads of worn wheels to contact the gage face of the stock rail rather than

pass over the stock rail in a trailing point move. (See attached diagrams).

5. Replace closure rails, stock rails, and switch points if wheel flanges are contacting the

tops of splice bars at the heel casting.

6. Switch points which divert flanges (direct traffic to the turnout side), including switch

points in normal position which are against the other rail on curves must be replaced,

rebuilt, or repaired when worn or chipped such that the top at any point is more than 7/8"

below the plane across the top o the stock rail measured within 6" or more from the

original end of the switch point.

7. When wear or chipping on any point rail results in a sloping gage face profile which can

cause a wheel flange to ramp on to the running surface of the point or stock rail, the

point should be rebuilt or replaced.

General Information

When in signal territory, the Signal Department should be notified in advance when rails, frogs,

switch points, or switch stands are changed, rail ends are repaired, or any work is performed that

may compromise the integrity of the signal system. Items maintained by Signal Department

employees are subject other "Rules and Regulations Governing Railroad Signal and Train Control

Systems" issued by the FRA.

When installing a new switch point, the stock rail should also be renewed or its should be

ascertained that the tip of the new switch point is greater than 3/8" below the top of a worn stock rail.

When installing a new stock rail with a head-worn switch point it should be ascertained that Item 4

of Section B, above, is not violated.
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Proposed 1995 Manual Revisions to

Chapter 6 - Buildings and Support Facilities

Part 9 - Design Criteria for Centralized Maintenance of Way
Equipment Repair Shops

Replace Part 9 with the following:

(1995 Revision)

9.1 FOREWORD

9.1.1 A maintenance of way equipment repair complex provides a facility for the overhauling,

rebuilding and modifying of railway machines, work equipment and specialized power tools, which

are used in maintenance of way operations.

9.1.2 The shop may also be used to directly support field operations with the supply of parts

and technical expertise.

9.2 SCOPE AND PURPOSE

9.2.1 The purpose of these criteria is to provide a description and layout of facilities for a

centralized work equipment shop and to recommend equipment service areas. Figures 1 to 5 are

shown as an aid in visualizing typical repair shops and the layout of equipment and service areas.

9.2.2 Heating, lighting, plumbing and other incidental mechanical items would be a part of

these buildings; however, they are not included in these criteria.

9.3 OPERATIONS

9.3.1 The major operations performed in a centralized maintenance of way repair complex are

dismantling, cleaning, repairing, reassembling, quality control, testing and painting of overhauled

machines.

9.3.2 These operations are supported by other incidental services, such as carpentry, steel

fabricating, forging, welding, hydraulic component repair, testing, etc., in order to make it possible

to perform minor repairs to small tools, as well as major overhauls to self-powered equipment.

9.4 LOCATION

9.4.1 For small or medium size railways, the location of a centralized work equipment shop

should be as close to the centre of the railroad as practical, with consideration being given to the

availability of suitable land, rail service, available manpower, housing, etc.

9.4.2 For large railroads, a network of two or three shops may be required. Considerations that

would determine the shop network and locations are:

• cost of movement of equipment to the shops;

• travel and support cost for field inspection and repairs;

• savings from consolidation of the spare parts inventory;

• land values and building construction costs, including conversion costs if existing buildings

can be used.

9.4.3 Depending on the methodology used for track maintenance, it may be desirable to locate

the shop adjacent to the yard where "work trains" are assembled. In this case, adjacent storage and

facilities are required for boarding cars, spare parts cars, and flat cars to transport machines to the

work site.
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9.5 ORGANIZATION

9.5.1 The shop is normally a part of the engineering department and operates under the

jurisdiction of the chief engineer, with the superintendent of work equipment as the immediate

supervisor.

9.5.2 On a large railroad the superintendent and staff will operate an organization of 200

employees, more ore less, of various crafts.

9.53 On a small railroad fewer employees are required to perform the necessary operations;

however, the organization would remain essentially the same.

9.6 DESIGN CONSIDERATIONS

9.6.1 The scope of the shop functions. These may vary considerably from one railway to

another, and in addition to on track maintenance-of-way equipment, might include maintenance of:

• Non rail equipment: bulldozers, diggers, rubber tired cranes and tractors.

• Hi rail trucks and equipment.

• Boarding cars.

• Track geometry testing cars and equipment.

• Hand held power tools.

9.6.2 The operating plan for the railway's track maintenance activity. This may be an all year

operation, or may be a seasonal activity with the equipment receiving detailed inspection, repair and

overhaul at the shop during the winter period.

9.6.3 The extent of contracting out for repair or overhaul of components and sub assemblies.

9.6.4 The split of field and shop maintenance and repair activities, and the support to the field

activities given from the shop.

9.6.5 The mix of equipment in the railway's fleet. In general, on track maintenance of way

equipment falls into the following categories.

9.6.5.1 Small machines, dimensions not exceeding 10 ft., weight less than 7,000 lbs. Adzes,

spike pullers, spikers, tie drillers are examples of this category of machines

9.6.5.2 Medium machines, up to 35 ft. long and 60,0000 lbs. weight. Most tampers, ballast

regulators, scarifiers, tie cranes and tie inserters are in this category.

9.6.5.3 Large machines. These may be up to 200 ft. long and 160 tons weight. Large tamping

machines, large ballast compactors and multi-function machines such as rail changeout machines

and ballast undercutters/cleaners are examples of this category.

9.5.6.4 Small and medium machines, normally travel to the work site on flat cars. Large

machines can usually travel at 50 mph or faster using their own traction power, or be incorporated in

a train consist.

9.7 MACHINE MAINTENANCE AREA

9.7.1 Small Machines Area

Direct rail access is desirable but machines may be lifted off of the track for maintenance.

Short lengths of rail embedded in the floor may be provided for the work locations. Pits are not

required, and a flat floor is desirable for maximum flexibility in the use of this area. A 10 ton crane

should cover this area.

Jib cranes of 2 ton capacity may be used at each work location but shop operating procedures

must deal with the risk of conflict between the shop overall craneage and the jib cranes.
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9.7.2 Medium Machines Area

Direct rail access is required. Pits should be provided between the rails for a proportion,

generally less than 50% of the tracks in this area, depending on the requirements of the machines to

be maintained. 30 ton cranes with 10 ton auxiliary hoists should cover this area. Jib cranes as in

Section 9.7.1 may also be provided.

9.73 Large Machines Area

Direct rail access is essential. Pits should be provided between the rails and pedestal track 2'-0" -

2'-6" above the floor may be considered, depending on the type of equipment being maintained. 50

ton overhead craneage with 20 ton synchronized jacks is also desirable. Jib cranes as in Section 9.7.1

may also be provided.

9.7,4 General

9.7.4.1 Minimum crane hook height should be 30 ft. to allow one machine to be lifted over

another.

9.7.4.2 Tracks should be at 20 ft. centres adjacent to columns and 25 ft. between columns to

allow for fork lift truck movement down a centre aisle.

9.7.4J The floor loading should be sufficient to allow use of boiler synchronized jacking.

9.7.4.4. Compressed air, (100 CFM) 1 lOV AC electricity and 480/575V AC outlets for electric

arc welding should provided throughout this area.

9.7.4.5 Piped in lubrication systems engine/hydraulic oil, grease and engine coolant, with

hoses on self reeling drums are desirable in these areas, together with waste oil and water systems.

Distribution systems may also be considered for Oxygen and cutting/welding gases.

9.7.4.6 Exhaust ventilation at each machine spot is essential. This may take the form of an

outlet to which a large diameter hose may be attached or exhaust hose reels. Four, five or six inch

diameter hoses may be required depending on the engine size.

9.8 OTHER WORKSHOP AREAS

The requirements of these areas are stated, but the necessity of some of the areas will depend

on the railways' policy for contracting out of repair and overhaul of components and sub assemblies.

The requirement for component or sub assembly repair shops should be based upon Economic Level

of Repair Analyses for all repairables, with consideration given to the quantity to be repaired,

transportation cost, inventory costs, repair times, set-up costs, including shop space, tools and test

equipment, training and quality. Also, for smaller facilities, many of the functions of these shops will

be combined into general workshop areas. The sizes of the areas when given indicate typical sizes of

single function shops, as they might be found in a large facility.

9.8.1 Paint Shop

9.8.1.1 Machines, when repaired, are painted and stenciled in this shop. It should be equipped

with a pit to allow painting the underside of machines.

9.8.1.2 The painting should be performed in a booth of sufficient size to accommodate, within

reason, the largest piece of equipment expected to be repainted plus space to work around the

machine. The shop should also have air filtration equipment to capture the paint fog to prevent its

being exhausted into the atmosphere.

9.8.1.3 A sprinkler or fire-suppression system, explosion-proof lighting, heating and

ventilating equipment should be provided, as required by local codes and regulatory agencies.

9.8.1.4 It is desirable that the paint shop should have an exterior wall.
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9.8.2 Carpentry Shop

9.8.2.1 All wooden assemblies for roadway machines and work equipment are fabricated, or

repaired in this area, including repairs to wooden portions of motorcar decks.

9.8.2.2. All boxes and crates are made in this area for items requiring them, and wooden

shields installed on windshield glasses to protect them from vandalism during shipment.

9.8.2.3 All replacement of glass and repairs to seats and canvas items are made in this area,

which should contain a canvas rack, large cutting table and an industrial type sewing machine.

9.8.2.4 Minimum size of a separate Carpentry Shop would be 400 sq. ft.

9.8.3 Motor Car Repair

9.8.3.1 In this area motor cars are stripped, repaired and reassembled. Area should be

equipped with a single dry pedestal grinder, solvent vat, test stands, work bench and hydraulic press.

9.8.3.2 Minimum size of a separate Motor Car Repair Shop would be 50 feet by 30 feet.

9.8.4 Shop Equipment Repair and Maintenance

9.8.4.1 This area should have adequate work benches and material storage bins for the

maintenance machinist in charge of repairs to shop machines, cranes, power plant and other terminal

facilities.

9.8.4.2 The area should be equipped for storage of small items and components from work in

progress. Major components should be stored within the stores.

9.8.4.3 Electrical assemblies fro light plant and electric welders, electric power tools, etc.

would be repaired in this area.

9.8.4.4 Minimum size of this area would be 400 sq. ft.

9.8.5 Engine Rebuild Area

9.8.5.1 All large gasoline and diesel engines are stripped repaired, reassembled, and such

items as carburetors, fuel pumps, and air cleaners are rebuilt in this area.

9.8.5.2 Machine work is performed in this shop, such as reboring cylinders, line boring of

main bearings, grinding and fitting of pistons, fitting and applying wrist pins, facing of valve seats,

grinding of valves, and reassembling block and internal engine parts.

9.8.5.3 One and two cylinder air-cooled engines, rail saws, small light plant and other such

items are repaired and tested in this area on an engine test-out stand.

9.8.5.4 A 50-ton hydraulic press and engine rebuilding stands should be provided to facilitate

the handling of engine units while they are undergoing repairs and testing.

9.8.5.5 A separate area is required for the testing of large gasoline and diesel engines on

engine dynamometer test stands and fine adjustments made before engines are released from the

shop. Engines should be broken in at full operating RPMs for approximately four hours before being

taken off the test stands. For small/medium size engines, dynamometer capacity of 100-200 h.p. is

required. Large machines may require 500 h.p. Noise insulation is essential for this area. An external

fuel tank with a fuel supply to this area is desirable.

9.8.5.6 Noise and air pollution are important factors in the design of this area, which must be

in compliance with local codes and regulatory agencies.

9.8.6 Machine Shop

This shop should be equipped with various types and sizes of lathes, boring mills, drill presses,

grinders, milling machines, hydraulic press with capability of handling any an all types of machines

work required by centralized work equipment shop. A typical size for this ship would be 1,500 sq. ft.
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9.8.7 Hydraulic Repair

9.8.7.1 Hydraulic assemblies and component parts removed from machines should be held in

the stores. Work orders should be generated for those that are repairable and these sent to the

Hydraulic Repair Area or a contractor.

9.8.7.2 The Hydraulic Repair Area should be easy to clean so that dust will be kept to a

minimum.

9.8.7.3 This area should be equipped with a hydraulic test stand on which rebuilt assemblies

can be tested before they are released for reinstallation on the individual machines undergoing

repair, or placed in the hydraulic unit storage area.

9.8.7.4 Hydraulic hoses used on connection with repairs to the equipment throughout the

entire complex may be fabricated in this area. The area should be equipped with adequate hose and

fitting storage bins, band saw, hydraulic press, drill press, grinders, a hose cut-off machine and hose

fitting application machine.

9.8.7.5 A typical size for this shop in a large facility would be 1,500 sq. ft.

9.8.8 Electrical Machine Repair Area

9.8.8.1 Provision may be made for the rebuilding of all electric vibrator motors and main

tamping generators from track maintainers and tamping power jacks. The area should have an

overhead trolley system to allow the motors and generators to be stripped, reassembled and tested on

an "assembly line' basis.

9.8.8.2 Provision should be made for hydraulic presses, double dry grinders, stator coil cutter

and sandblast cabinet for cleaning stator housings after the coils have been removed.

9.8.8.3 A vibrator motor test stand should be provided that will permit several motors to be

tested simultaneously.

9.8.8.4 If re-winding of electrical machines is contemplated, space should be provided for a

large and small insulation cutter, insulation folder, coil winder drives, coil taping machine, stator

hold stands and an approved type furnace for removal of insulations from scrap stator coils.

9.8.8.5 Provision should be made for vacuum impregnation of rewound stator, armatures and

field windings.

9.8.8.6 A typical size for this facility would be 600 sq. ft.

9.8.9 Steel Fabrication, Welding and Sheet Metal Shop

9.8.9.1 Space should be provided for use as a repair and test area for all types of radiators and

fuel tanks. A cleaning and test vat should provided.

9.8.9.2 Adjustable booths should be provided for steel fabrication or repair of assemblies.

Individual 5-ft. high canvas or plastic shields should completely surround each booth to protect other

employees from the electric flash created by wire fed welders.

9.8.9.3 Space should be allocated for storage racks for bar steel, sheet steel, angle iron and pipe.

9.8.9.4 An electronic eye semi-automatic shape cutting machine may be located in this shop.

9.8.9.5 A large heating furnace and a machinist welding booth if tamping tools are reclaimed

in-house may also be located in this shop.

9.8.9.6 A forge, metal shear and hole punching machines, a large and small hammer, double

dry grinder, welding booths, exhaust ducting, normalizing furnace, and other equipment and storage

areas, may be located in this area. This area should be covered by an overhead crane of 5 ton

capacity.
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9.8.9.7 A typical size for this shop would be 1,500 sq. ft.

9.8.10 Electronic Equipment Room

9.8.10.1 This area is provided for the testing of electronic modules, cards, etc. to assess

whether they are defective, before sending them to a contractor of doing the repair in-house.

9.8.10.2 Clean room conditions are required with non-absorbent finishes to wall and flooring

and a filtered air supply.

9.8.10.3 Depending on the equipment being tested, various test voltages will be required.

Particular consideration needs to be given too electrical safety as local code provisions may not

cover the circumstance experienced in test rooms.

9.8.10.4 The area should be securely locked and access only allowed to designated personnel.

9.8.11 Wash Bay

A wash bay is required for cleaning of machines prior to maintenance. This should have a

depressed floor and centre pits to facilitate access. A packaged boiler unit and plug-in locations for a

wash wand should be provided.

9.8.12 Test Bay

In northern climates a test bay is desirable. The test bay is a length of ballasted track in a

covered, partially heated area. It is used for functional testing of overhauled machines, such as

tampers, tie inserts, spikers, etc. In southern climates a length of track adjacent to the building may

be used.

9.9 MACHINE AND MATERIAL HANDLING

9.9.1 An off-loading ramp should be provided to remove machines from flat cars. Entrance to

shop tracks may be provided by switches or a traverser. It is impractical to construct a traverser to

handle very large machines, so these should be provided with dedicated tracks to the facilities they

would use.

9.9.2 In cold climates, an off-loading gantry to unload and transport machines into the shop

should be considered in view of the difficulty of starting engines and possibility of damage to

hydraulic equipment at low temperature.

9.9.3 Within the shops, large machines must be moved on rail tracks. Medium and small

machines may be moved using overhead cranes.

9.9.4 It is not expected that an automated materials handling system can be justified for this

type of shop.

9.9.5 Internal materials handling should be by:

• Tow tractor and trailer for items up to 50 lbs. weight

• Forklift or overhead crane for larger items.

9.10 SUPPORT AREAS

9.10.1 Office

Offices will be required for:

• shop supervisors

• stores supervisors and clerical personnel

• shop manager

• general office personnel
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These offices should comply with Part 2 - Design Criteria for Railway Office Buildings. Noise

insulation may be necessary for offices abutting shop floor operations.

9.10.2 Special Requirements

9.10.2.1 Shop Supervisors' Offices should be adjacent to the shop floor area and have a door

and a window with a serving hatch into the shop floor area. Space should be provided for storage of

drawings and equipment manufacturers' technical information.

9.10.2.2 The stores office should be adjacent to and open direct to the stores area.

9.10.2.3 If possible, the Shop Supervisors' and Stores Office should have direct access to the

General Office area.

9.10.2.4 Direct access should not be provided between the Office Reception Area and the

Shop Floor.

9.10.2.5 A Conference Room should be provided.

9.10.2.6 A training room should be provided with video facilities and room for storage of

training materials. For smaller shops, this may be combined with the Conference or Lunch Room.

9.10.3 Lunch and Locker Rooms

Lunch and Locker room facilities should be provided as required by applicable codes, and

provision should also be made for lunch tables and vending machines. The lunch room should have

outside windows.

9.10.4 Toilet Facilities

9.10.4.1 Toilet facilities and water coolers should be provided for shop forces at centralized

locations to minimize the away-from-workstation time.

9.10.4.2 The number of fixtures required is governed by applicable codes and will vary

depending on the location.

9.10.5 Tool Room

A tool room with required security is necessary and should stock all power and hand tools used

throughout the various areas. It should be located adjacent to the store serving hatch to permit issue

of tools by stores personnel at time of low demand.

9.10.6 Materials Management Area

9.10.6.1 The Store area should be located as near as possible to the centre areas of the

Workshop areas.

9.10.6.2 Proper attention should be given to providing adequate security.

9.10.6.3 The Stores should have a serving hatch, a personnel door and a forklift truck door

adjacent to each other and forming the only communication to Workshop areas.

9.10.6.4 An external Reception/Dispatch area should be provided with:

• at least one truck dock

• provision for delivery in light vans

• a loading/unloading dock for rail cars and parts cars

9.10.6.5 An analysis of the optimum method of storage and distribution around the shop

should be done before design of the Stores area. However, it is expected that only very large

facilities would be able to justify automated picking systems. Provision should normally be made for

small bin, shelving and pallet racking storage.
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9.10.7 Flammable Storage

9.10.7.1 Flammable materials should be stored in a room on the outside of the main building.

An open, secure storage area may also be required for bottled gases, flammable or toxic materials.

9.10.7.2 Particular attention should be given to this area with regard to insurance requirements

and local fire regulations.

9.10.7.3 A sprinkler system or fire-suppression system may be necessary.

9.10.8 First Aid Room

A first aid room and eye wash facilities are required, according to local regulations, codes, and

agreements.

9.11 Typical Facility Arrangements

9.11.1 In view of the many different design considerations, there is no universal ideal solution

and these facilities need to be tailored to the specific requirements of the railway. Figures 1 & 2

show site and building plans for purpose-built shops for a class 1 railway. Figures 3 & 4 show site

and building plans for a major extension of a facility. Figure 5 shows the building layout for the shop

of a smaller railway.

1.11.2 In many cases, an existing building is converted for use as a maintenance of way

equipment repair shop. In considering buildings for this conversion, the most important factor is the

provision of sufficient overhead cranes.
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Proposed 1995 Manual Revisions to

Chapter 7 - Timber Structures

Part 3 - Construction, Maintenance and Inspection of Timber

Page 7-3-12, article 3.3.3. Replace with:

3.3.3 Notes on Recommended Practices

(a) The inspector's outline of repairs should be based on the following recommended practices.

The inspector should determine the cause of the deterioration of the structural component and

suggest maintenance or repair measures that would correct existing deficiencies and prevent

their reoccurrence.

3.3.3.1 Control Moisture

(a) The hazard of decay is reduced by controlling the amount of moisture present in timber

bridges. Once visible wetting or high moisture contact areas are located, the following action

is recommended:

1

.

Remove dirt and debris.

2. Provide adequate drainage from deck.

3. Ensure adequate support surface for tie plates.

4. Provide water proofing systems for ballast decks.

5. Ensure hardware is tight, sealing holes preventing moisture entrance.

6. Plug any unused holes with treated wood plugs.

3.3.3.2 Field Application of Preservative Chemicals

(a) Timber decay can be arrested by field application of preservative chemicals which should be

applied in accordance with manufacturer's specifications. It is recommended they be used by

qualified personnel with experience in treating structural timber.

1

.

Liquids are brushed, squirted or sprayed on the surface and may be injected into timber.

2. Semi-solids, greases or pastes are spread on the affected area. They are mostly used in

ground line applications or treating fresh cuts.

3. Fumigants are normally injected into the wood. They originally are liquid and volatilize,

creating a gas which permeates wood cells inhibiting decay.

4. Plugs or pastes containing salts, which, when combined with moisture release an active

ingredient which permeates wood cells inhibiting decay.

3.3.3.3 Support, Repair or Replace Damaged Portions of the Structure

(a) Splicing provides additional material to support small structurally deficient areas. Sufficient

connections must be provided for adequate load transfer. A structural analysis should be

performed to verify stress distribution and adequacy. See Figure 3.3.3.3.1.

(b) Scabbing provides additional material to support large structurally deficient areas. Sufficient

connections must be provided for adequate load transfer and support. Scabbing may also be

used to increase capacity of a member and may be composed of timber or steel. A structural

analyses should be performed to verify stress distribution and adequacy. See Figure 3.3.3.3.2.
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(c) Deteriorated pile may be restored by using a cast in place reinforced concrete jacket. The

jacket must extend above and below the defective area to adequately support the loads. See

Figure 3.3.3.3.3.

(d) Voids in pile may be filled with an epoxy or other suitable grout. See Figure 3.3.3.3.4.

(e) Splits or checks may be arrested by clamping, using steel assemblies to compress the

member, or stitching, using through bolts to hold the member together. Configuration,

number and size of fasteners should be determined on a case by case basis. Stitch bolt

spacing shall be determined by Section 2.8.3 of this Chapter. Holes for stitch bolts shall be

sized in accordance with Section 3.1.5(m) of this Chapter. Stitch bolts should only be

tightened to the point where they begin to take tension. Splits or checks should not be closed

as this may extend the defect to the other side of the clamp or stitched area. See Figure

3.3.3.3.5.

(f) Pile Posting, or replacing defective portions of piles should be performed as follows:

1. Posting of the outside piles should not be permitted on bridges on curves where bents

exceed 12 ft. in height or on tangents where bents are over 23 ft. in height.

2. Posting of 1 pile in a 4 pile bent, 2 piles in a 5 pile bent or 3 piles in a six or seven pile

bent should be permitted.

3. No more than two posted piles should be adjacent to each other.

4. Bents should be framed or replaced in their entirety with suitable longitudinal and lateral

bracing if more than the allowable number of piles or more than two consecutive piles

need posting.

5. Posting should be accomplished per Figure 3.3.3.3.6.

(g) Where piles are decayed at the top they may be cut off and double capped; a single pile may

be corbeled.

(h) When individual caps, sills, braces or struts have become weakened beyond their ability to

perform their intended function, replacing these members with similar sized members may be

performed.

(i) Shimming of stringers to provide proper surface and cross level should be performed using a

single hard wood shim under each chord or stringer. Shimming with stacked or multiple

shims is to be avoided.

(j) All bolts should be retightened during normal servicing of the structure.

3.3.3.4 Upgrading and Rehabilitating Timber Structures

(a) Existing timber members may be replaced with timber of increased section or strength.

Additional timber members may be placed to increase capacity.

(b) Timber Open Decks may be replaced by Timber Ballast Decks, in accordance with Part 2 of

this Chapter.

(c) Timber bridges may be upgraded or rehabilitated by replacing caps, stringers or decking with

concrete or steel in accordance with Chapter 8 or Chapter 15 respectively of this Manual

while leaving existing timber piling in place for structure support.
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Proposed 1995 Manual Revisions to

Chapter 8 - Concrete Structures and Foundations

Part 1 - Materials, Test and Construction Requirements

Page 8-C-l. Add a new article:

1J3 HIGH STRENGTH CONCRETE

1.23.1 General

(a) The following specifications shall apply to structures with a minimum specified concrete

compressive strength of 6000 psi (41 MPa) and made with portland cement concrete. These

provisions do not apply to "exotic" materials and techniques such as polymer-impregnated concrete,

polymer concrete, or concrete with artificial aggregates.

(b) The compressive strength of production concrete shall be tested at 7 and 28 days and at other

times as required by the Engineer in accordance with ASTM C 39.

1.23.2 Materials

(a) Trial batches containing the materials to be used on the job shall be prepared at the proposed

slump and tested to determine compressive strength. Unless tests on additional trial batches are

performed, materials shall be of the same type, brand and source of supply throughout the duration

of the project.

1.23.2.1 Cement

(a) Cement mill test reports shall be submitted by cement suppliers for each shipment of cement.

Silo test certificates shall be submitted for the previous 6 to 12 months. Cement uniformity in

accordance with ASTM C 917 shall be reported. Variations shall be limited to the following:

Tricalcium siUcate (C3S): 4%
Ignition Loss: 0.5%

Fineness: 375 cm^/g (Blaine)

Sulfate (SO3): 0.20% of optimum

(b) Mortar cube tests shall be performed in accordance with ASTM C 109.

1.23.2.2 Chemical Admixtures

(a) Chemical admixtures shall conform to the following ASTM specifications:

Air-entraining admixtures ASTM C 260

Retarders ASTM C 494, Types B and D
Normal-setting water reducers ASTM C 494, Type A
High-range water reducers ASTM C 494, Types F and G
Accelerators ASTM C 494, Types C and E

1.23.23 Mineral Admixtures

(a) Mineral admixtures consist of fly ash (Class C and F), silica fume and ground granulated

blast-furnace slag. Fly ash shall conform to ASTM C 618 specifications. Methods for sampling and

testing of fly ash shall conform to ASTM C 3 1 1 . Silica fume shall conform to ASTM C 1 240. Slag

shall conform to ASTM C 989.

1.23.2.4 Aggregates

(a) Fine and coarse aggregate shall meet the requirements of ASTM C 33.
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1.23.2.5 Water

(a) Water for use in high-strength concrete shall confomi to Section 1 .4. In cases where water of

lower-quality must be used, testing shall conform to Article 1.4.2. Acceptance requirements

specified in Table 1 of ASTM C 94 shall be met.

1.23.3 Concrete Mixture Proportions

(a) Trial batches shall be performed to generate sufficient data to obtain optimum mixture

proportions.

C1.23 COMMENTARY ON HIGH-STRENGTH CONCRETE

Cl.23.1 General

(a) With the advances in concrete technology during the last few decades, the commonly

achievable limits of concrete strength have steadily increased. The use of high-strength concrete in

construction has also increased. Concrete compressive strengths approaching 20,000 psi (138 MPa)

have been used in cast-in-place concrete buildings. High-strength concrete has also been used in

bridge structures. Research has been conducted on the performance of high-strength prestressed

concrete in bridges.

(b) Because of the continuing advances in technology, the definition of the minimum concrete

compressive strength for high-strength concrete is changing with time. Different geographic

locations may also have varying limits for what they consider as high-strength concrete. The ACI

Committee 363 report on high-strength concrete (ACI 363R-92) defines high-strength as having

compressive strengths of 6,000 psi (41 MPa) or greater.

(c) The ACI Committee 363 report on high-strength concrete provides detailed information on

material and structural aspects of high-strength concrete.

Cl.23.2 Materials

(a) To achieve adequate consistency and quality of high-strength concrete, stringent control of

constituent materials is necessary. Variations in type, brand and source of supply of the components

can have major influences on the properties of high-strength concrete. Therefore, emphasis is placed

on the preparation of trial batches and maintenance of the same component materials throughout the

project.

(b) Testing and comparison of laboratory and production-sized trial batches are needed to

establish the required strength of laboratory trial batches. This is because the laboratory trial batches

have often exhibited significantly higher strength than production batches.

Cl.23.2.1 Cement

(a) The quality and consistency of cement used in high-strength concrete need verification

through mill test reports, and mortar cube tests. The most suitable types of cement for high-strength

concrete are Type I or Type III with minimum 7-day cube compressive strength of 4500 psi (31

MPa). In addition, cement should not show signs of false set.

Cl.23.2.2 Chemical Admixtures

(a) Chemical admixtures are commonly used in high-strength concrete to increase compressive

strength through reduction of water, control rate of hardening, accelerate strength gain, and improve

workability and durability. Performance of all materials in high-strength concrete as a whole should

be considered when selecting the type, brand and dosage of any admixtures.

(b) Air-entraining admixtures (ASTM C 260) are used to improve durability and freeze-thaw

resistance. However, air voids have the effect of reducing compressive strength and their use is

therefore recommended only when durability is a concern. Incorporation of entrained air may

reduce strength at a rate of 5 to 7 percent for each percent of air in the mix.
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(c) Retarders (ASTM C 494, Types B and D) are used to control early hydration and hardening

of concrete. Factors such as an increase in strength and temperature effects should be considered.

(d) Normal-setting water reducers (ASTM C 494, Type A) are used to increase strength without

affecting the rate of hardening. High-range water reducers (ASTM C 494, Types F and G) are used

to increase strength (decrease water demand) especially high early strength (24 hours) or increase

slump. Matching the admixture to the cement used (both in type and dosage rate) is an important

consideration.

(e) High-range water reducers (ASTM C 494, Types F and G) are often used in high-strength

concrete mixtures and are essential with the very high-strength concretes to ensure adequate

workability with low water-cementitious ratios. Further information is available in ACI SP-68.

(f) Accelerators (ASTM C 494, Types C and E) are not normally used in high strength concrete

except when early form removal is critical. Accelerators will normally be counterproductive in

long-term strength development.

CI.23.2.3 Mineral Admixtures

(a) Mineral admixtures such as fly ash, silica fume, and ground granulated blast-furnace slag

have been widely used in high-strength concrete. Variations in physical and chemical properties of

mineral admixtures (even when within tolerance of specifications) can have a major influence on

properties of high-strength concrete.

(b) Fly ash generally reduces early strength gain and improves late age strength of concrete.

There are two classes of fly ash available (ASTM C 618). Class F fly ash is generally available in

eastern U.S. and Canada and has pozzolanic properties, but little or no cementitious properties.

Class C fly ash is generally available in western U.S. and Canada and has pozzolanic and some

autogenous cementitious properties. An ignition loss of 3 percent or less is desirable, although

ASTM C 618 permits a higher value. ASTM C 3 1 1 provides standard test methods for sampling and

testing of fly ash or natural pozzolans.

(c) Silica fume consists of very fine spherical particles, approximately 100 times smaller than the

average cement particle, and is a highly effective pozzolanic material. It is used in concrete in

applications where abrasion resistance and low permeability are desired. Normally, silica fume

content ranges from 5 to 15 percent of portland cement content. The availability of high-range water

reducers has facilitated the use of silica fume in high-strength concrete. However, concrete with

silica fume has an increased tendency to develop plastic shrinkage cracks. Therefore steps should be

taken to prevent rapid water evaporation.

(d) Ground granulated blast furnace slag (ASTM C 989) is used as a partial replacement for

Portland cement in various proportions to enhance different properties of concrete. Research has

shown promise for its use in high-strength concrete.

Cl.23.2.4 Aggregates

(a) The optimum gradation of fine aggregates for high-strength concrete is mainly determined by

its effect on water requirement rather than physical packing. High-strength concrete has high

contents of fine cementitious materials and therefore the grading of fine aggregates is relatively

unimportant compared to conventional concrete. Fine aggregates with rounded particle shapes and

smooth texture require less mixing water and are therefore preferred in high-strength concrete.

(b) The desirable maximum size of coarse aggregate should be 1/2 inch (13 mm) or 3/8 inch

(10 mm). Mix designs with maximum size aggregate of 3/4 inch (19 mm) and 1 inch (25 mm)

have also been successfully used. Many studies have shown that crushed stone produces higher

strengths than rounded gravel because of improved mechanical bond in angular particles.

However, accentuated angularity can result in higher water requirement and reduced workability

and therefore should be avoided. The ideal aggregate should be clean, cubical, angular, 100
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percent crushed aggregate with a minimum of flat and elongated particles. It would also be

beneficial if the aggregate has moderate absorption capability to provide added curing water for

high-strength concrete.

(c) High-strength concrete requires high-strength aggregates. However, this trend holds true

until the limit of the bonding potential of the cement-aggregate combination is reached.

CI.23.3 Concrete Mix Proportions

(a) High-strength concrete mix proportioning is a more critical process than the design of

normal-strength concrete mixtures. Generally, chemical admixtures and pozzolanic materials are

added and the attainment of low water-cementitious ratio is essential. Trial batches are often

required to optimize constituent materials and mixture proportions. Additional information can be

found in ACI 211.1, ACI 21 1.4, and ACI Publication SP-46.

(b) The relationship between water-cementitious ratio and compressive strength in high-strength

concrete is similar to that identified for normal-strength concrete. The use of high-range water

reducers has provided lower water-cementitious ratios and higher slumps. Water-cementitious ratios

by weight for high-strength concrete typically have ranged from approximately 0.27 to 0.50. The

compressive strength of concrete at a given water-cementitious ratio varies widely depending on the

cement, aggregates and admixtures used. The quantity of liquid admixtures, particularly high-range

water reducers, has sometimes been included in the calculation of water-cementitious ratio. When

silica fume as a slurry is used, its water content must be included in the water-cementitious ratio.

(c) Typical cement contents in high-strength concrete range from 660 Ib/cy (390 kg/m^) to 940

Ib/cy (560 kg/m^). For any given set of materials in a concrete mixture, there may be an optimum

cement content that produces maximum concrete strength. The strength of concrete may decrease if

cement is added in excess of the optimum level. The strength for any given cement content will vary

with the water demand of the mixture and the strength-producing characteristics of that particular

cement. Loss of workability (stickiness) will be increased as higher cement amounts are used.

(d) The maximum temperature desired in the concrete element may limit the quantity or type of

cement. Addition of ice, set retarders or pozzolans may be considered.

CI.23.3,4 Aggregate Proportions

(a) Table 3.1 in the ACI 363R-92 suggests the amounts of coarse aggregate based on the fineness

modulus of sand for the purpose of initial proportioning. In general, the least sand consistent with

necessary workability has given the best strengths for a given paste. The use of smaller coarse

aggregates [maximum 3/8 inch (10 nmi) to 1/2 inch (13 mm)] are generally beneficial, and crushed

aggregates seem to bond best to the cementitious paste.

Cl.23.3.5 Proportioning of Admixtures

(a) In high-strength concrete, pozzolanic admixtures have been used to supplement the portland

cement from 10 to 40 percent by weight of the cement content. The use of fly ash has often reduced

the water demand of the mixture. Silica fume, on the other hand, dramatically increases the water

demand of the mixture which has made the use of retarding and high-range water-reducing

admixture (superplasticizing) admixtures a requirement.

(b) The amount of conventional water reducers and retarders in high-strength concrete varies

depending on the particular admixture and application. In general, the tendency has been to use

maximum quantities of these admixtures. Typically, water reductions of 5 to 8 percent may be

increased to 10 percent. Corresponding increases in fine aggregate content have been made to

compensate for the loss of volume due to the reduction of water.

(c) Most high-strength concretes contain both mineral admixtures and chemical admixtures. It is

common for these mixtures to contain combinations of chemical admixtures. High-range water
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reducers have performed better in high-strength concretes when used in combination with

conventional water reducers or retarders.

Cl.23.3.6 Workability

(a) High-strength concrete mixtures tend to lose slump more rapidly than lower-strength

concrete. If slump is to be used as a field control, testing should be done at a prescribed time after

mixing. Concrete should be discharged before the mixture becomes unworkable.

(b) High-strength concrete, often placed with 1/2 inch (13 mm) maximum size aggregate and

with a high cementitious content, is inherently placeable provided attention is given to optimizing

the ratio of fine to coarse aggregate. Local material characteristics have a marked effect on

proportions. Cement fineness and particle size distribution influence the character of the mixture.

Appropriate admixtures improve the placeability of the mixture.

(c) Mixtures that were proportioned properly but appear to change in character and become more

sticky should be considered suspect and checked for proportions, possible false setting of cement,

undesirable air entrainment, or other changes. A change in the character of a high-strength mixture

could be a warning sign for quality control.

Cl.23.3.7 Trial Batches

(a) Frequently, the development of a high-strength concrete program has required a large number

of trial batches. In addition to laboratory trial batches, field-sized trial batches have been used to

simulate typical production conditions. Once a desirable mixture has been formulated in the

laboratory, field testing with production-sized batches should be preformed.

Part 3 - Footing Foundations

Page 8-3-1. Replace existing articles in Part 3 as shown below. The following changes to Part 3 have

been suggested as a result of the subcommittee's deliberations on combined footings. Additions are

shown by underlining and deletions are enclosed in brackets.

3.1.1 General

(a) A spread footing is a structural unit which transfers and distributes a load to the underlying

soil or rock at a pressure consistent with the requirements of the structure and the supporting

capacity of the soil or rock. The general approach to sizing footings on soil is to assure that the

contact pressure defined in Paragraph 3.4.1(a)5 is equal to or less than the allowable soil pressure

defined in Paragraph 3.4.1(a)4.

(b) Sizing of footings on rock is not discussed. The designer should be aware that the approaches

presented here are for the least complicated situations; and where unusual geology or loadings are

encountered, geotechnical engineering specialists should be consulted.

3.1.2 Classification

3.1.2.1 Spread footings may be classified by their structural arrangement:

(a) An individual column footing which supports a single column or isolated load.

(b) A wall footing or continuous footing which supports a wall.

(c) A combined footing which supports more than one column.

(d) A raft or mat footing which supports all the columns in a structure or a large portion thereof.

[(e)Cantilever footing which supports a wall column near its edge without causing nonuniform

soil pressure.]
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3.2.3 Loads

(a) The loads to be supported by the foundation shall be indicated. These shall be divided into the

following categories:

1

.

Dead load.

2. Normal live load, defined as the live load that is likely to be transmitted to the foundation

throughout the greater portion of the useful lifetime of the structure, is commonly used

when the foundation soil is a saturated clay.

3. Maximum live load, defined as the greatest live load that may be anticipated at any time

during the lifetime of the structure, is commonly used when the foundation soil is a freely

draining sand.

3.4.2 Safety Factors

(a) The safety factor for Primary [Laods] Loads shall not be less than 3; for Primary + Secondary

Loads the safety factor shall not be less than 2. Additional consideration shall be taken of load

duration in relation to foundation soil type and groundwater conditions when selecting a safety factor.

3.4.3.4 Sizing Footings on Granular Material

(a) [Once the net bearing capacity has been determined from 3.4.3.2, the allowable bearing

capacity can be calculated by dividing the appropriate safety factor as described in Articles 3.4.1(a)2

and 3.4.2.] A trial footing size is used to determine the net bearing capacity from Article 3.4.3.2. and

the allowable bearing capacity described in paragraph 3.4.1(a)2 is calculated by dividing the net

bearing capacity by the appropriate safety factor from Article 3.4.2. The trial footing size is used to

determine the allowable settlement pressure defined in Article 3.4.3.3. The loads defined in Article

3.2.3 are divided by the trial footing area to give the contact pressure defined in Paragraph 3.4.1(a)5.

If the contact pressure is greater than either the allowable bearing capacity or the allowable

settlement pressure, the footing size must be increased until the contact pressure is less than the

allowable soil pressure defined in Paragraph 3.4.1(a)4.

3.7, "Field Conditions" will now become Article 3.8 with no changes in content and a new Article

3.7 "Combined Footings" will be added to replace the old one.

3;7 COMBINED FOOTINGS

3.7.1 Uses and Types

(a) Combined footings are those which carry more than one column and are used for reasons

such as:

1

.

Wall column is so close to property line or obstruction(s) that it is impossible to center

column on footing.

2. Allowable soil pressures are so low or column loads so large that individual footings

would overlap.

Combined footing types are illustrated in Fig. 3.7.1(a) and include: rectangular, trapezoidal, and

strap footings.

3.7.2 Allowable Soil Pressures

(a) Allowable soil pressures defined in Paragraph 3.4.1(a)4 are determined from Articles 3.4.3.3

or 3.4.3.4 for sands and 3.4.4.2 for clays. For clays, settlements should be estimated according to

Article 3.4.4.3. For combined footings a minimum safety factor is 3.
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a »

Rectangular
Trapezoid

Strap

Figure 3.7.1(a). Types of combined footings

(b) A combined footing is ideally proportioned such that the centroid of the contact area lies on

the line of action of the resultant of column loads, thereby producing a uniform pressure distribution.

In situations where it is impossible to produce a uniform pressure distribution, the pressure

distribution is computed and the footing sized according to the principles outlined in Article 3.5. The

dimensions of the footing are selected so that the allowable soil pressure is not exceeded.

3.7.3 Column Loads

(a) Combined footings should be proportioned for uniform soil pressure under dead load plus the

amount of live load that is likely to govern settlement as recommended in Article 3.2.3. The centroid

of the footing must lie on the line of action of the resultant column loads consisting of dead load plus

a fraction of live load specified by the specifications or building code if applicable.

3.7.4 Sizing Combined Footings

3.7.4.1 Rectangular Footings

(a) A rectangular footing is used if the rectangle can extend beyond each column the distance

necessary to make the centroid of the rectangle coincide with the point where the resultant of the

column loads intersects the base.

3.7.4.2 Trapezoidal Footings

(a) A trapezoidal footing is used if a rectangular footing cannot project the required distance

beyond one or both columns.

3.7.4.3 Strap Footings

(a) The strap footing is considered as two individual footings connected by a beam.
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New subheads for 3.8

3.8 FIELD CONDITIONS

3.8.1 Modification of Design

3.8.2 Reinforcement

3.8.3 Footings at Varying levels

3.8.4 Drainage

3.8.5 Treatment of Bottom of Excavation

3.8.6 Stresses

3.8.7 Information on Drawings

Part 20 - Flexible Sheet Pile Bulkheads

Page 8-20-14. Add a new Commentary and Bibliography.

Commentary

C20.1 GENERAL

C20.1.1 Scope

(a) This specification has been prepared for permanent construction. Braced excavations and

cofferdams are not included.

(b) This specification is primarily based on the references listed in the bibliography.

(c) Tiebacks drilled into in situ soil are not included within the scope at this time.

C20.1.2 Types of Flexible Bulkheads

(a) Most bulkheads or sheet pile walls are sufficiently flexible to meet the design criteria of a

total deflection more than 0.0015 times the wall height. If this requirement is not satisfied, the

magnitude and distribution of the earth pressures can be much greater and the loads must be

calculated on the basis of a braced cut. See any major soil text for the pressure distribution for

"braced excavations."

(b) This specification has been prepared assuming waterfront construction and designed backfill.

The principles given are fully applicable to other situations, i.e., sheeting used for a retaining wall or

wingwall. When natural soil is retained consideration must be given to several other conditions:

1

.

Swelling soils.

2. Poor drainage which may result in higher pressures.

3. Difficulty in the tieback installation, including necessary shoring for this installation.

4. Unknown driving conditions for piling.

Though some or all of the above conditions can be a part of any installation, they are more apt to

occur where virgin ground is retained.

C20.2.2 Soil Investigation

(a) Consideration must be given to the importance of the structure and anchorages when planning

geotechnical work. A thorough study may result in shorter piling lengths and/or lower anchor loads,

and thus result in an economic design.
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(b) The present and future location of the water table is of great importance since water reduces

the passive pressure, and increases the active pressure.

(c) Corrosiveness of the soil shall be investigated. (See reference 4.)

(d) Considerations shall be given to possibility of liquefaction due to seismic loadings.

C20.5.2 Maximum Moment

(a) For sheeting in water, the elevation of mud line shall be considered at minimum 2'-0" below

the dredge line. If site investigation reveals that the mud and/or silt build up is more than 2'-0", the

lowest elevation of mud and/or silt build up shall be used as mud line elevation. Effect of sloping

soil in front of the bulkhead which would reduce passive resistance should be investigated.

€20^J Anchor Pull

(a) The anchor pull is determined by the assumption that the sheet pile penetration below the

mud line is sufficient to provide for fixed support of the piling at the bottom. Considerations should

be given to future construction possibilities and design should be modified accordingly.

Cb) Since the pressure behind a bulkhead will build up if the deflection of the bulkhead is not

sufficient to fully mobilize the active pressure, rigid anchorages can be a problem, and this condition

should be recognized by the designer.

C20.6.1 Cantilever Bulkheads

(a) Since cantilever bulkheads are not recommended for permanent construction, they are not

covered in these specifications.

fb) Cantilever sheet pile bulkheads often undergo large lateral deflections which are not easily

calculated. Erosion in front of the bulkhead materially affects the stability of the structure. For these

reasons, cantilever sheet pile bulkheads are recommended only for temporary installations and not

for permanent construction. Further, the use of cantilever sheet pile bulkheads is generally not

recommended where a track will be located on the higher elevation behind the bulkhead.

(c) Cantilever sheet pile bulkheads receive all of their lateral support from passive pressure

exerted on the embedded portion of the bulkhead. For this reason, the depth of penetration can

become very large, which can result in very high stresses and deflections in the sheet piling.

(d) The recommended restrictions on cantilever sheet pile bulkheads are:

1. Temporary construction only.

2. No track or railroad loads behind the bulkhead, except for very short cantilevers in

medium to very dense or hard soil.

3. Maximum height not to exceed 12 feet.

Bibliography
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4. "Tiebacks," U.S. Department of Transportation, FHWA, Report No. niWA/RD-82/047 dated

July 1981.
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Proposed 1995 Manual Revisions to

Chapter 9 - Seismic Design for Railway Structures

Page 9-1-1, article 9.2. Replace the last sentence in the first paragraph.

The responses of track and structures to seismic events vary greatly with respect to each other

and to the various types of construction, geotechnical conditions and other seismic parameters such

as importance and risk factors, structural importance and value, etc. Unless more appropriate

guidelines have been developed as result of experience with significant earthquakes in the affected

area and/or consideration of other local conditions, the following are recommended.

Page 9-1-3, article 9.3.1.4(A). Replace the last sentence with the following:

The structure shall not suffer any permanent deformation, due to deformations or liquefaction of the

foundation soil.

Article 9.3.1.4(B). Replace the last sentence.

... accessible for inspection. The structure shall not suffer any damage which threatens the overall

inetegrity of the bridge, due to deformations or liquefaction of the foundation soil.

Page 9-1-14, article 9.4.1. Change title from "Introduction" to "Scope."

9.4.1 Scope

Page 9-1-15, article 9.4.2(d)3. Replace last sentence with:

Allowable stresses may be increased by one-third for all combinations of loading

which include seismic effects and increased 50% for structural steel.

Page 9-1-17, article 9.5.1. Add a new sentence to the beginning of the article.

In those areas where the horizontal acceleration shown in Plate 2 exceeds 10 percent of gravity,

existing construction should be reviewed for resistance to seismic forces. This part of the chapter

will address the extent to which existing construction should be reviewed for resistance to seismic

forces. It will include roadbed cuts and fills, culverts, tunnels and track protection sheds and bridges

supporting the railway or carrying other facilities over tracks. It will also consider station, office and

shop buildings, locomotive fueling facilities and the construction of others on, over and under the

operating right-of-way.

Article 9.5.2. 1 . Add new text to the end of the first parapgrah.

The existing track superstructure and all manner of special trackwork structure, to include the

track rail; the crossties, their fastenings and appurtenances; and the ballast section is presumed

resistant to all levels of seismic loads, but not to displacements caused by offset across a fauh or

other gross ground movements, including liquefaction.

Page 9-1-21. Eliminate article 9.12, and incorporate that information into article 9. 11 as follows:

New Section Title Currently

9.11.1 General

9.11.2 Post Seismic Event Operations

9.11.3 Basic Concepts and Nomenclature

9.11.3.1* Risk Factors and Design Philosophy 9.12.1-6

9. 11.3.2 Base Acceleration Coefficient Map 9.12.7

9.11.3.3 Structure Importance Classification

9.11.3.4 Nomenclature

9. 1 1 .4 Design of Structures

64
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9.11.5

9.11.6

9.11.6.1

9.11.6.2

9.11.7

9.11.8

9.11.9

9.11.10

Existing Structures

Track and Roadbed

Fills

Cuts

Buildings and Support Facilities

Utilities and Environment

Signal and Communications

Commuter and Light Rail

9.11.1

9.11.1.1

9.11.1.2

*Section 9.1 1.3.1 would be further broken down as per the following.

New Section Current Section Title

9.11.3.1.1
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Proposed 1995 Manual Revisions to

Chapter 1 5 - Steel Structures

Part 1 - Design

Page 15-1-4, Table 1.2.1 A. Remove ASTM A572, Grade 60 along with appropriate footnotes.
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Page 15-1-5. Add a new paragraph 1.2.1(c) and a new table 1.2.1C.

(c) Throughout Chapter 15, the equivalent materials of Table 1.2.1C may be used

interchangeably. A36 and A588 plate and bar over 4 inches in thickness have not equivalent

A709 grade.

Table 1.2.IC - Equivalent Materials

ASTM A709
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Page 15-1-47 & 48, Table 1.14.7. Delete ASTM A572, Grade 60, along with appropriate

footnotes.

Table 1.14.7—Impact Test Requirementsl for

Structural Steel—Fracture Critical Members

ASTM
Designation
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'*Minimum service temperature of 0°F corresponds to Zone 1 , -30°F to Zone 2, -60°F to Zone 3

referred to in Article 9. 1.2.1.

*rhe suffix "F' is an ASTM A709 designation for fracture critical material requiring impact testing,

with supplemental requirement S84 applying. A numeral 1, 2 or 3 shall be added to the F marking to

indicate the applicable service temperature zone.

^Steel backing for groove welds joining steels with a minimum specified yield strength of 50 ksi or

less may be base metal conforming to ASTM A36, A709, A588, and/or A572, at the Contractor's

option, provided the backing materials furnished as bar stock rolled to a size not exceeding ^/g inch

by 1 '/4 inches. The bar stock so furnished need not conform to the Charpy V-Notch impact test

requirements of Table 1.14.7.

Part 3 - Fabrication

Page 15-3-3. Remove article 3.1.6(d) and rename article 3.1.6(e) to 3.1.6(d).

Page 15-3-7, article 3.2.2(a). In last sentence, replace "Table 1.4.1 of Part 1" with "Table 3.2.3A."

(a) high strength bolts, nuts and washers shall conform to paragraph 1.2.1(a). Other types of

fasteners may be used provided all requirements of Article 2(d) of the Specification of the Research

Council on Strucmral Connections are met and provided further it can be shown that the tension of

installed fasteners meets the tensile requirements of Table 3.2.3A after installation.

Article 3.2.3(a). Replace 'Table 1.4.1 of Part 1" with 'Table 3.2.3A."

(a) Bolts shall be tightened in properly aligned holes so as to obtain, when all bolts in the

joint are tight, at least the minimum tension per bolt shown in Table 3.2.3A for the grade and size

of bolt used.

Article 3.2.3(d). Replace "Table 3.2.3" in last sentence with "Table 3.2.3B."

(d) Where the tum-of-nut method is used to tighten bolts, initial bolts tightened shall be

checked to assure that all bolts are snug prior to final tightening. Following the initial operation,

the bolts in the connection shall then be tightened additionally by the applicable amount of nut

rotation specified in Table 3. 2. 33. Permanent visual means of noting nut rotation shall be applied.

Page 15-3-8. Renumber Table 3.2.3 to read "Table 3.2.3B" and move to below article 3.2.3(d).

Article 3.2.3. Add new paragraphs (g), (h), (i), (j) and fk) as follows:

(g) Fasteners shall be protected from dirt and moisture at the job site. Only as many fasteners

as are anticipated to be installed and tightened during a work shift shall be taken from protected

storage. Fasteners not used shall be returned to protected storage at the end of the shift. Fasteners

shall not be cleaned of lubricant that is present in as-delivered condition. Fasteners for slip critical

connections which accumulate dirt shall be cleaned and relubricated prior to installation.

(h) The rotational-capacity test for ASTM A325 and A490 high strength bolts described in

Article 3.2.14 shall be performed one each rotational-capacity lot prior to the start of bolt

installation. Hardened steel washers are required as part of the test although they may not be

required in the acmal installation procedures.

(i) A Skidmore-Wilhelm Calibrator or an acceptable equivalent tension measuring device shall

be required at each job site during erection. Periodic testing (at least once each working day when

the calibrated wrench method is used) shall be performed to satisfy the requirements of Table 3.2.3A

for Tum-of-Nut Tightening, Calibrates Wrench Tightening, Installation of Alternate Design Bolts



70 Bulletin 749—American Railway Engineering Association

and Direct Tension Indicator Tightening. Bolts that are too short for the Skidmore-Wilhelm

Calibrator may be tested using direct tension indicators (DTIs). The DTIs must be calibrated in the

Skidmore-Wilhelm Calibrator using longer bolts.

(j) Lubrication

1. Galvanized nuts shall be checked to verity that a visible lubricant is on the threads.

2. Black bolts shall be "oily" to the touch when delivered and installed.

3. Weathered or rusted bolts or nuts shall be cleaned and relubricated prior to installation.

Recleaned or relubricated bolt, nut and washer assemblies shall be retested in

accordance with 3.2.3(h) prior to installation.

(k) Bolt, nut and washer (when required) combinations are installed shall be from same

rotational-capacity lot.

Page 15-3-11. Add new article 3.2.14.

3.2.14 Testing and Documentation ofASTM A325 and A490 Bolts

3.2.14.1 Bolt Testing

(a) Bolts

1. Proof load tests in accordance with Method 1 of ASTM F606 are required. Minimum

frequency of tests shall be as specified in ASTM A325 and A590 per the production lot

method.

2. Wedge tests on full size bolts (ASTM F606 paragraph 3.5) are required. If bolts are to be

galvanized, tests shall be performed after galvanizing. Minimum frequency of tests shall

be as specified in ASTM A325 and A490 per the production lot method.

3. If galvanized bolts are supplied, the thickness of the zinc coating shall be measured.

Measurements shall be taken on the wrench flats or top of bolt head.

(b) Nuts

1. Proof load tests (ASTM F606 paragraph 4.2) are required. Minimum frequency of tests

shall be as specified in ASTM A563 paragraph 9.3. If nuts are to be galvanized, tests

shall be performed after galvanizing, overlapping and lubricating.

2. If galvanized nuts are supplied, the thickness of the zinc coating shall be measured.

Measurements shall be taken on the wrench flats.

(c) Washers

1. If galvanized washers are supplied, hardness testing shall be performed after galvanizing.

(Coating shall be removed prior to taking hardness measurements).

2. If galvanized washers are supplied, the thickness of the zinc coating shall be measured.

(d) Assemblies

1 . Rotational-capacity tests are required and shall be performed on all black or galvanized

(after galvanizing) bolt, nut and washer assemblies by the manufacturer or distributor

prior to shipping. Washers are required as part of the test procedure.

The following shall apply:

a. Except as modified herein, the rotational-capacity test shall be performed in

accordance with th requirements of ASTM A325.
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b. Each combination of bolt production lot, nut lot and washer lot shall be tested as an

assembly. Where washers are not required by the installation procedures, they need

not be included in the lot identification.

c. A rotational-capacity lot number shall be assigned to each combination of lots tested.

d. The minimum frequency of testing shall be two assemblies per rotational-capacity lot.

e. The bolt, nut and washer assembly shall be assembled in a Skidmore-Wilhelm

Calibrator or an acceptable equivalent device (note- this requirement supersedes the

current ASTM A325 requirement that the test be performed in a steel joint). For short

bolts which are too short to be assembled in the Skidmore-Wilhelm Calibrator, see

paragraph 3.2.14.1(d)l.i.

f. The minimum rotation, from a snug tight condition (10% of the specified proof load),

shall be:

240° (2/3 tum) for bolt lengths < 4 diameters

360° (1 tum) for bolt lengths > 4 diameters

and < 8 diameters

480° (1 '/3 tum) for bolt lengths > 8 diameters

g. The tension reached at the above rotation shall be equal to or greater than 1.15 times

the required installation tension. The installation tension and the tension for the tum

test are shown in Table 3.2. 14.1 A.

Table 3.2.14.1A

Minimum Required Turn Test Tension

Diameter (In)
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(e) Reporting

1. The results of all tests (including zinc coating thickness) required herein shall be

recorded on the appropriate document.

2. Location where tests are performed and date of tests shall be reported on the appropriate

document.

(f) Witnessing

1. The tests need not be witnessed by an inspection agency; however, the manufacturer or

distributor that performs the tests shall certify that the results recorded are accurate.

3.2.14.2 Documentation

(a) Mill Test Report(s) (MTR)

1. MTR shall be furnished for all mill steel used in the manufacture of the bolts,nuts, or

washers.

2. MTR shall indicate the place where the material was melted and manufactured.

(b) Manufacturer Certified Test Report(s) (MCTR)

1. The manufacturer of the bolts, nuts and washers shall furnish test reports (MCTR) for

the item furnished.

2. Each MCTR shall show the relevant information required in accordance with Art.

3.2.14.1(e).

3. The manufacturer performing the rotational-capacity test shall include on the the MCTR:

a. The lot number of each of the items tested.

b. The rotational-capacity lot number as required in Art. 3.2.14.I(d)lc.

c. The results of the tests required in Art. 3.2.14.1(d)

d. The pertinent information required in Art. 3.2.14.1(e)2.

e. A statement that MCTR for the items are in conformance to this specification.

f. The location where the bolt assembly components were manufactured.

(c) Distributor Certified Test Report(s) (DCTR)

1. The DCTR shall include MCTR above for the various bolt assembly components.

2. The rotational-capacity test may be performed by a distributor (in lieu of a

manufacturer) and reported on the DCTR.

3. The DCTR shall show the results of the tests required in Art. 3.2.14.1(d).

4. The DCTR shall also show the pertinent information required in Art. 3.2.14.1(e)2.

5. The DCTR shall show the rotational-capacity lot number as required in Art.

3.2.14.1(d)l.c.

6. The DCTR shall certify that the MCTR are in conformance with this specification.

Page 15-3-14, article 3.6.1. Replace (c) & (d) with:

(c) Rivets and bolts, except ASTM A325 and A490 high strength bolts shall be packaged

separately according to length and diameter. Loose nuts and washers shall be packaged separately

according to size.
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(d) Pins and other small parts and packages of rivets, bolts, except ASTM A325 and A490

high strength bolts, nuts and washers shall be shipped in boxes, crates, kegs, or barrels, none of

which shall exceed 300 lb gross weight. A list and description of material contained therein shall be

firmly secured to or marked on the outside of each container.

Add a new paragraph (e):

(e) ATM A325 high strength bolts, nuts, and washers (where required) from each rotational-

capacity lot shall be shipped in the same container. If there is only one production lot number for

each size of nut and washer, the nuts and washers may be shipped in separate containers. Each

container shall be permanently marked with the rotational-capacity lot number such that

identification will be possible at any stage prior to installation.

The appropriate Mill Test Reports (MTR), Manufacturer Certified Test Reports (MCTR) and

Distributor Certified Test Report (DCTR) for high strength bolts as required in Article 3.2.14.2 shall

be supplied to the Engineer.

Renumber 3.6.1(e) and (f) to 3.6.1(f) and (g), respectively:

(f) Long girders shall be so loaded that they can be delivered to the site in position for

erection without turning. Instructions for such delivery shall be furnished to the carrier.

(g) Special precautions may be needed where girders are supported at points other than

permanent support points, and where girder intermediate stiffeners are not in contact with

flanges.

Part 7 - Existing Bridges

Page 15-7-3, article 7.2. Change title of article 7.2 to "7.2 Repair, Strengthening and Retrofitting."

7.2 REPAIR, STRENGTHENING AND RETROFITTING

Article 7.2.1(a), replace with the following:

a) The repair, strengthening, or retrofitting of existing bridges is usually brought about by one

or more of the following conditions:

CATEGORY 1 - ACCIDENTAL DAMAGE - sudden unexpected damage resulting from

vehicular collision, marine collision, derailment, wide loads, fire, vandalism, seismic activity,

or other emergency event.

CATEGORY 2 - DETERIORATION DAMAGE - damage resulting from corrosion, fatigue,

settlement, past improper repair of the structure, etc.

CATEGORY 3 - CAPACITY OR GEOMETRIC DEFICIENCY - insufficient capacity to

carry current loads, vertical or horizontal clearance deficiency, non-compliance with current

standards and practices, and/or poor structural details.

CATEGORY 4 - NATURAL HAZARD DEFICIENCY - potential damage resulting from

future seismic events, increased flood levels, or increased wind loads.

The methods used to accomplish the repair, strengthening, or retrofitting of steel structures for

the four categories of damage or deficiency may be different in terms of acceptable details,

allowable stresses, and acceptable results. What may be acceptable for the emergency repair of

accidental damage to a structure to restore traffic may not be acceptable for permanent repairs.

Article 7.2.1(b). Replace with following:

b) The decision to repair, strengthen, retrofit, or to replace a structure should take into account
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the condition of the structure, the age of the structure, the material of which the various members are

made, the fatigue effect of the live loads that have been operated over the structure, the comparative

estimated costs, the added length of life to be obtained from the modified bridge, and the possible

future increase in the live loading.

Article 7.2.1.1 Physical Condition: Replace (a) and (b) with the following:

a) The physical condition of the structure shall be determined by inspection.

b) The materials of which the members are made shall be determined together with their

relevant properties. While this information may be determined by examining the drawings,

specifications, or test records in some situations it may be necessary to obtain test coupons from the

structure or to employ appropriate field testing methods such as the emery wheel/spark test and

portable Brinell testing.

Article 7.2.1.2 Stresses: Replace (a), (b), (c) and (d) with the following:

a) The permissible stresses in repaired, strengthened, or retrofitted members shall be in

compliance with the design stresses specified in Part 1, except that in certain circumstances, rating

stresses as specified in Section 7.3, or other stress levels, may be used as determined by the Engineer.

b) In adding metal to stringers, floorbeams or girders, or to members of trusses and viaducts,

the nt w material shall be considered effective in carrying its proportion of live loads only, unless the

dead load stress can be removed temporarily, or some other means is provided to introduce the

proper dead load stress in the new metal when it is applied. Connections of adequate strength shall

be provided for the added metal.

c) Where the added material carries its proportion of the live load only, the stresses in the

remaining portion of the original members, which is carrying the total dead load as well as its

portion of live load, shall be investigated for the live load for which the bridge is being repaired or

strengthened. The added material may be considered fully effective in computing the radius of

gyration for determination of allowable stress in axially loaded compression members.

d) Members to be repaired or strengthened shall be investigated for any decrease in strength or

stability resulting from the temporary removal of rivets, bolts, lacing, batten plates, cover plates or

other parts. In some cases, falsework or temporary members may be required. Where compression

members are being reinforced, lacing bars, batten plates or tie plates, if removed, shall be restored to

an acceptable level before allowing traffic over the bridge.

Page 15-7-11, article 7.3.4.1(a) 2. Replace with the following:

2. Spacing of web stiffeners, lacing and forked ends of compression members, eccentricity of

riveted joints and connections, unequal stress in tension members, and secondary stresses.

Where web stiffener spacing exceeds that required by Article 1.7.8(a), the Engineer may
use a more detailed analysis in assessing the adequacy of the girder."

Part 9 - Commentary and Bibliography

Page 15-9-5, article 9.1.3.3. Insert a new second paragraph.

Heavy double stack cars with axle loads of 78,750 lbs. per axle and 4-axle 315,000 lbs. gross

weight cars (both using the so-called 120 or 125 ton truck) accepted in regular service on certain

railroads produce the equivalent of nearly E 80 Loading on shorter spans. In 1994, an alternate

loading was introduced with a spacing similar to coupled typical 4-axle cars with an axle load 25%
higher than the Cooper E 80 load to address problems associated with fatigue on shorter span lengths.
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Page 15-9-9, article 9.1.3.13(3). Change to read as follows:

(3) Allowable stress range iSJ^(^^) for the various details can be expressed in terms of the

number of constant stress cycles (N).

Page 15-9-12, article 9.1.3.13. Change first paragraph on page to read as follows:

Table 9.1.3.13A is based on 150-vehicle train. Critical characteristic load is assumed to be 3/4,

i.e. 60/80, of design load E 80.

Add two new paragraphs:

The derivation of the design criteria for fatigue did not consider Rail Transit or other Light

Rail facilities. For such cases, unless demonstrated otherwise, the Mean Impact Load

shown in Article 1.3.13(d) should be 100% of the impact load specified in Article 1.3.5 for

all member span lengths, and in Table 1.3.13A, the number of constant stress cycles, N,

should be > 2,000,000.

Eye bars and pin plates are design details which are not recommended. In the event of their

use, see Article 7.3.4.2 Fatigue and the appropriate Commentary Art. 9.7.3.4.2.

Redo Symbols as follows:

List of Symbols

N = Number of occurrences of constant stress cycles which would cause fatigue

damage equivalent to the fatigue damage caused by a larger number, N^, of

variable stress cycles

n. = Number of stress cycles for each of the stress range values represented in the

distribution being considered

Ny or In = Total number of variable stress cycles in the distribution of life

Sjj = Stress range, the algebraic difference between the maximum stress and the

minimum stress for a stress cycle

^Ract
~ Stress range actually created at a given location in the structure by a moving load

^Rfat
~ Allowable fatigue stress range as hsted in Table I.3.13B

S,y = Stress range of cyclic stress corresponding to the number of occurrences, n^

Sr = Effective cyclic stress range for the total number of variable stress cycles, N^.

^RRMC (Root Mean Cube Stress Range) = ^/^(", ^m
y Zn.

J
Zn..

^ - ^Rac/'^R o"" ^ac/^appiied ^^^^^ ^'^^" ^R '^ Calculated by using the same load which

was applied when ^^^^.^ was measured. Field measurements have shown the

measured S,^ is equal to a factor, a, times the calculated S^. This reduction

reflects the beneficial effects of participation by the bracing, floor system, or other

three-dimensional response of the structure and, also, the fact that full impact does

not occur for every stress cycle. Since S,^ at a given location is directly

proportional to the loading used,
^SLcrf^aooVitA

^'^^ equals this ratio.

YI = The ratio of the number of occurrences of Sj^^ to the total number of various stress

cycles, Ny
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Page 15-9-27, article 9.1.14.8. Replace first paragraph with:

The preheat/interpass temperatures have been arbitrarily established to minimize the possibility

of hydrogen induced cracking. The higher temperatures required for A588, A852 and A709 Grades

50W and 70W material are based on the maximum composition of the alloying elements.

Page 15-9-34, article 9.7.3.4.2. Add a new sentence to the end of the fifth paragraph.

Suitable analytical and/or experimental studies may show that a lower stress concentration exists

if pin fit and the component geometry are favourable. If the stress concentration factor is less than 4,

design category D can be used to assess fatigue resistance. Detailed analysis or full size testing may

be used to demonstrate that an even more favorable category is appropriate.

Change formula to read:

SRE = a(ZY,SRi3)i/3(42,45).

Page 15-9-34.1. In Figure 9.7.3.4.2A, add dotted line next to caption "CONSTANT AMPLITUDE
FATIGUE LIMIT."
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Committee 17 has submitted a new chapter on High Speed railfor publication in the Manual.

CHAPTER 17 - HIGH SPEED RAIL

This Chapter contains AREA recommended practice with respect to the planning, engineering,

construction and maintenance of high speed rail systems. It also includes recommendations relative

to an incremental approach such as the upgrading of existing facilities for increased speeds,

recognizing the possible joint use by freight and passenger services. These joint usage issues should

be addressed at the preliminary planning stage. The manual, as it is now structured, is not stratified

by speed ranges, but rather by the function of the facility or component. Where speeds are a factor

of the element upper limits are not stressed. The purpose of this chapter is to identify the applicable

speeds for the elements in the manual common to this chapter and use them as a base for developing

high speed criteria. The speed range stratification starts with that practical, given the limitations of

existing facilities, to the super speeds of new facilities.

Chapter 17 considers present foreign high speed rail technical capabilities and operating

characteristics and extrapolates them to North American passenger and freight railroad experience to

develop recommended practice for high speed rail systems. Previous experience with imported

technologies and practices has shown that modifications are often needed to successfully adapt them

to the climactic, maintenance, operating, and regulatory environments found in North America.

System safety parameters, economics, and design philosophies must also be evaluated in the

North American context.

The traditional manual material, for the most part, contains 'stand-alone' recommended

practices for the fixed plant of railways. This Chapter encompasses high speed rail as a system; i.e.,

combining the planning, design, and construction of the facility with the specification and operating

characteristics of the vehicle, including propulsion and control system considerations.

The Chapter is divided into three parts:

1

.

Corridor Evaluation

2. Track Structure and Track Train Interaction

3. Vehicle Control and Propulsion System Considerations

There are sub-parts of the Chapter that are the same as existing recommendations in the manual

and where this occurs a reference is made to the existing Chapter and paragraph number. New and

existing material that requires technical enhancement is presented based on existing high speed rail

systems and the expertise of committee members.

Part 1

Corridor Evaluation

1995
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1.1 INTRODUCTION

High Speed Rail for passenger service has been developed and proven in revenue service to be

a highly successful technology, allowing speeds in excess of 186 mph (300 kph). In determining the

need for and viability of a high speed rail system, a feasibility study is necessary. Such a study is

often the function of a governmental agency working with firms or agencies which have the proper

knowledge and experience in the development of such a passenger transportation system.

Coordination with other rail users is necessary. An initial phase in determining feasibility of the

high speed rail system is corridor evaluation. Part 1 enumerates the factors to be considered in

corridor evaluation and provides general guidelines for conducting the study. However, it must be

recognized that each potential high speed route requires a site specific study, with many factors

requiring in-depth evaluation. The conceptual plan to be developed entails a great amount of effort

by a group of varied disciphnes.

Factors which must be considered in high speed rail corridor evaluation, that are further

discussed in this Part are:

• Demand for service-including both the transportation market and governmental policy

• Geographical

• Safety

• Environmental

• Operational

• Financial - including costs, revenues and availability of funds

This initial planning stage may require a number of years to complete. Demands for service

may require marketing studies over a period of time. Financial projections and determining the

availability of funds may present time-consuming problems. The need for government assistance in

financing arrangements could require significant statutory revisions to provide government funding

or to assist private organizations in raising necessary capital. Also, the issue of freight railroad

indemnification must be addressed if high speed passenger trains are being planned to jointly operate

on a line with freight train traffic.

Part 1 of Chapter 1 7 is not intended to address in-depth the technical aspects of engineering a

high speed rail system. Subsequent parts will be more technically oriented. However, since corridor

evaluation is the initial step in development of a system, when results are positive more detailed

engineering should commence.

1.2 PRELIMINARY EVALUATION

1.2.1 General

High speed trains are capable of providing fast, reliable, safe, environmentally friendly and

efficient transportation for large volumes of people. The design and implementation of a high speed

rail service is a very complex process. However, before a high speed rail service can be designed,

detailed analyses will be required to determine the demand, or number of patrons likely to use the

service. The demand analysis will estimate the level to which a proposed system will be expected to

cover its capital and operating expenses with operating revenue and growth potential. Consideration

should also be given to the possibility of government participation and coordination with other

transportation modes.

Completion of the preliminary evaluation will mark the first milestone at which a "go" or "no-

go" decision can be made with respect to the project.
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1.2.2 Demand for High Speed Rail Service

1.2.2.1 Introduction

Demand for service is a key element in the planning and implementation of a high speed rail

system. Planners and system operators must carefully balance the factors outlined below to develop

a system that will have the greatest potential for economic viability.

1.2.2.2 Demand for Service in the Present Market

The demand for high speed rail service in the present market is a function of a number of

factors such as the population and demographics of the corridor, and the efficiency of the existing

transportation system. The market consists of travel for two primary purposes, business travelers

and leisure travelers.

(a) Total Number of Trips in Corridor

The demand for service is a function of the total number of trips in the corridor. The

percentage of total trips taken on each available transportation mode is defined as the modal split.

As the level of service of the high speed rail system increases relative to other modes, rail modal

share can be expected to increase.

(b) Fare Structure

The fare structure chosen will have a large impact on the demand for service among certain

travelers. In general terms, business travelers are more sensitive to the level of service than to cost.

Studies indicate that line haul travel time is the major factor influencing modal choice among

business travelers, and that they only slightly favor airlines over high speed rail if the two offered

equivalent service and equivalent fares.

Leisure travelers are more sensitive to cost than level of service, and in many cases would not

leave their automobiles no matter what the fares were. Planners should carefully balance the fare

structure to ensure that fares are attractive to an optimum number of travelers.

(c) Level of Service

The primary factor influencing demand for service among business travelers is the level of

service. Level of service consists of several elements. The first is the technology chosen for the

service. The technology chosen will control the line-haul travel time, which is the major

consideration among business travelers. The second element is frequency of service. If a train is

available every one to two hours, service is essentially considered to be available "on demand".

Line-haul travel time tends to be less important to leisure travelers than to business travelers.

Leisure travelers value the flexibility that the automobile provides with respect to departure times,

stops en route, travel route chosen, and most importantly, the cost advantage which the automobile

generally provides over public transportation. However, leisure travelers should not be overlooked

as potential users of a high speed rail system.

Another element of the level of service is coordination with other modes at stations along the

line. The schedules of commuter rail service, local bus service, and any other system should be

coordinated with the high speed rail service to facilitate the ease of movement to the final

destination. The availability of adequate parking facilities will impact demand favorably as well.

The location of the stations within a given city, and along a given route will have an impact on

the demand for service to that city. Demand for service will tend to be greater if the stations are

located near the central business district, the airport, or other areas with high levels of commercial

activity.
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1.2.2.3 Demand for Service in the Future Market

(a) Total Number of Trips in the Corridor

A high speed rail system will establish a ridership base during the early years of operation.

Demand growth in the corridor will be a function of the growth in total number of trips in the

corridor, future demographics, availability, cost and efficiency of alternative transportation modes,

and the ability of the system to induce travelers to use the system. "Induced demand" is defined as

trips which are not currently being made, but will be made in the future due to the presence of the

high speed system. It does not include trips made because of normal growth of population or

economic activity.

(b) Fare Structure

The fare structure must remain competitive within the transportation market for the system to

retain the traffic base it establishes in the early years of its operation.

(c) Level of Service

Any improvements in the level of service tend to increase demand. Attitudes toward the

service, developed as a result of the system performance, will have a large impact on the demand for

service in the future market. As the system develops a reputation for providing a clean, reliable,

comfortable, safe, and cost-effective service, demand for the service will increase.

1.2.2.4 Availability of Competitive Modes

(a) Airlines

Airline business travelers are extremely sensitive to terminal to terminal and door to door travel

time. Studies indicate that they would tend to consider both airlines and high speed rail essentially as

equal given equal levels of service. The most dominant factor influencing the level of demand among

airline business travelers is the level of service. Therefore, given adequate levels of service and

reliabiUty, high speed rail systems could be expected to draw passengers from the airiine mode. In

addition, high speed rail service could be a complement to air service for business travelers by

providing an efficient mode of transportation to an area that does not have full scale air service.

Airline leisure travelers are more sensitive to travel cost than are airline business travelers.

However, by virtue of the fact that leisure travelers choose to fly at their own expense, they clearly

value the time savings. A high speed rail system can expect to draw passengers from airlines if the

level of service is equal or similar to that of the airlines, and the fare structure is competitive with or

lower than that of the airlines.

(b) Automobile

Travel time is less important to business travelers who drive than it is to those who fly. The

drivers place a higher value on other aspects of automobile travel, such as privacy, cargo space,

flexibility of departure times, and route selection.

The line haul travel time for auto leisure travelers is generally less important than for business

travelers.

Leisure travelers will tend to be very sensitive to fare structures, and rather insensitive to

travel time, as this group tends to most desire the aspects of travel provided by the automobile, such

as privacy, flexibility of departure times and route selection, and stops en route.

1.2.3 Institutional Factors

The preliminary corridor evaluation should consider such things as government support and the

relationship to other forms of transportation. It should also be sensitive to the political environment.

These factors are of utmost importance in influencing the accomplishment of the project.
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1.2.3.1 Government Agency Involvement

Coordination with federal, state and local governments is essential and they are becoming

increasingly aware of the important role they play in determining the transportation infrastructure

within their jurisdiction. Their support should be sought with regard to funding through grants,

loans, bond issues and other similar activities. Grants may encompass the transfer of property rights

necessary to build the corridor. Government agencies' requirements regarding Environmental

Impact Statements (EIS) must be determined and their support sought in the preparation of any

required EIS.

The proper coordination and involvement with government agencies in the preliminary

evaluation will help to ensure a successful project.

1.2.3.2 Political Considerations

The preliminary evaluation must be sensitive to the concerns of the residents along the right-

of-way, and the surrounding environment as well as the future passengers. All political impacts

must be considered. For this reason, a good public relations program is essential.

The acquisition of land, by purchase or condemnation, and the impact on property values must

be handled in a fair and equitable manner. The choice of station stops will be influenced by public

demand and political preferences that may not always be the most economical but, nevertheless,

must be considered.

1.2.3.3 Interface with Other Transportation Modes

A primary consideration in the preliminary evaluation is the location of and access by or to

other modes of transportation. The location of stations should fit the community needs and be

convenient for transferring from and to commuter rail, rapid transit, air, bus and automobile.

Intermodal stations should be developed for use of the traveling public. However, the number

of stations and frequency of stops must not be allowed to degrade the goal of providing high-speed

rail service with its accompanying reduced travel times. Different schedules for station stops may

reduce impact on travel times, yet still provide coverage for a larger number of locations.

1.2.3.4. LiabUity

Freight railroads may desire to be indemnified for and insured against financial liability,

regardless of cause, related to any passenger service that operates on the freight railroads tracks.

This passenger service can be existing service, new service, or one that increases the maximum
operating speed to be considered High Speed. It may be that the only fully satisfactory way to

resolve this issue is through Federal legislation or use of completely separated rights-of-way.

1.3 GEOGRAPHICAL EVALUATION

1.3.1 General

In the planning and development of a high speed rail line geographical considerations are of

major importance. Whether it be a completely new right-of-way, use of existing right-of-way, or a

combination of both, the factors in this section must be the subject of any in-depth study. Such an

evaluation should address routes, location of facilities, safety factors, and environmental concerns.

These items are addressed individually in the following paragraphs.

1.3.2 Alignment and Location

1.3.2.1 Population and Employment Centers

A saturation point is being reached with respect to population in many areas of North America.

In 1990, 192.7 million people or 77.5% of the total population of the United States now live in 279

metropolitan areas that exceed 100,000 in population. One half of the U.S. population, 124.8 million

people live and work in the top 39 metropolitan areas that have over one million residents.
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Economic and political decisions over the past 50 years have resulted in the major transition in

passenger transportation mode from rail to airline and automotive modes. In the course of events

this has resulted in significant airport and highway congestion. It has also brought about

atmospheric pollution and rapid diminution of our energy resources.

It appears that a reasonable solution to this problem that is encountered in the thickly populated

areas could be a more intensive use of rail facilities. In addition to the utilization of rapid transit

facilities within the urban areas that is now being encouraged, a return to the research and

development of high speed rail projects that was abandoned by the U. S. Government in the late

'70's is desirable.

A network of high speed rail projects linking most of the metropolitan areas is practical.

Twenty-nine of the 39 largest metropolitan areas are located between the Atlantic coast and the

Mississippi valley region, grouped so that corridors not exceeding 500 miles can be linked together.

This will provide an intermodal passenger transportation system that could greatly alleviate the

present undesirable conditions.

1.3.2.2 Geographical Constraints

The optimum high speed route is a straight line. Costs may be prohibitive or the actual

construction totally impractical if such a course is attempted. Geographical constraints that could be

encountered could include very rough terrain requiring cuts, fills, bridges and tunnels. In such areas

various alignments must be studied and the route selected may be a compromise of minimized

construction costs equated against train speed reductions and practical economics. As suggested in

other sections, the use or partial use of existing rights-of-way often provides a satisfactory

compromise when a totally new alignment proves too costly.

Where the potential right of way passes or crosses waterways, other problems will surface. In

crossing a waterway it must quickly be determined if it is navigable and what clearances are required

by regulatory agencies. If the waterway is tidal, the extent of the tide and the flooding history must

be studied to determine how close the new right-of-way can safely follow a shoreline.

1.3.2.3 Potential Routes

(a) Railroad Rights-of-Way.

In most cases there are two or more railroad rights-of-way between the cities of a given region,

that could be considered. There are several factors which could make an existing railroad route

unattractive for a high speed rail project.

1

.

Numerous highway and street grade crossings that would be difficult to eliminate.

2. Legal speed restrictions through populated areas.

3. Sharp curvature that could not be modified to avoid speed reduction.

4. Excessive grades and structures such as bridges and tunnels that might effect speed

reduction.

5. Difficult negotiations with property owners or political entities.

6. Current and future freight traffic needs.

7. Speed differential between freight and proposed passenger service.

(b) Highway Rights-of-Way.

Normally, a highway right of way would not be desirable for most of the reasons listed above

and many highway alignment designs will not permit high speed alignments within the highway

right-of-way. However, some locations exist where interstate highways in rural areas could share

right of way with a high speed rail route, and with very few modifications, meet the criteria for high

speed rail.
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(c) Utility Right of Way.

Under some circumstances it might be feasible to utilize a utility right-of-way for a portion of a route.

(d) New Route.

It may be impractical and expensive to develop an entirely new route of 300 to 500 miles for a

high speed project. In most cases, a combination of existing rights-of-way could be made by a

judicious use of new connections.

1.3.2.4 Present and Future Airport Locations

Connections to present and future airport locations are desirable in order to effect a truly

intermodal efficient passenger transportation system, since there are regions where it would not be

economical to develop high speed rail for the long distance involved between metro areas.

1.3.2.5 Present and Future Rail Line Connections

Present and future rail line connections are desirable because it is desirable to maintain

compatibility with existing infrastructure and equipment. In most cases, for practical operating

reasons and for the convenience of the public, existing terminal facilities and access routes will need

to be utilized in the large metro areas.

1.3.3 Location of Ancillary Facilities - Refer to Chapters 6 and 14

1.3.3.1 Stations

The general station locations as to town, area, mile post location or other geographic area will

largely be determined by the Demand for Services studies as outlined in paragraph 1.2.2. Specific

locations will involve considerations of the varied types of present and future transportation modes

including commuter rail, rapid transit, bus, air, and auto. In the case of rail, across-platform transfer

is the ideal arrangement where possible.

Track geometry is another factor in specific station location. It is important that the station be

located where the track is reasonably tangent with little or no grade. Bridge structures should also be

avoided when locating stations, although stations may be located on viaducts. To minimize first cost

and not over build for the future, provisions should be made for future ridership growth by providing

room for additional train platforms, station structure, and parking.

1.3.3.2 Terminals

The terminal location is generally constrained to the city or other area that is the terminus of

the system. In a typical city it will often be necessary to locate the terminal along existing railroad

rights-of-way. Securing a new route to the central city area, while often appearing to provide the

best solution, typically will take years to acquire the property and complete the environmental

impact study, and will be prohibitively expensive.

Assuming that existing rights-of-way are to be used, the final station location should be located

in or near the central business district, or very close to the location where the majority of riders find

convenient. The main advantage of high speed rail will be maintained so that the center city to

center city travel time is minimized with little or no transfers required.

Terminal areas must be large enough to accommodate the following passenger and train

equipment functions and Americans Disability Act (ADA) requirements must be met:

(a) Passenger Requirements:

• Ticketing

• Baggage and parcel checking

• Restrooms
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• Phone and fax areas

• Food and beverage service

• Access to other modes of public and private transportation, lodging and tourist

attractions.

• Lease retail areas, rental car areas, travel service, news stands and shops.

• Passenger waiting areas.

• Access to governmental, professional, financial, commercial and trade centers.

• Parking, including short-term, long-term, and drop-off areas,

(b) Equipment Requirements:

• Sufficient platform room for passenger boarding, equipment servicing and light duty

maintenance.

• Fresh water fill facilities.

• Holding tank pump-out provisions.

• Three phase AC power stand by.

• Storage area for basic turn-around maintenance materials such as light bulbs, windows,

printed circuit boards, seat parts, windshield wipers, etc.

• Turn-around cleaning.

• Space for train exterior car wash facilities at selected terminals.

• Secured commissary area for food and beverage restocking.

• Operation and Maintenance Departments offices.

• Locker and toilet facilities for operation and maintenance personnel.

• Future expansion.

13.3.3 Maintenance Facilities

(a) Maintenance of Equipment

The typical equipment maintenance yard and facilities will require a structure the size of which

will depend on fleet size and how much work will be done at this location. The determination of the

shop location will address the following considerations:

• Locating near a terminal to minimize dead heading and to expedite return to service.

• Undeveloped land in an industrial area with minimal residential neighbors.

• Good highway access.

• Adequate labor supply.

The work tasks at such a shop will include the following with some specialized functions

possibly contracted out:

• Federal Raih-oad Administration (FRA) scheduled locomotive inspections and service

including daily attention such as sanding and fueling (if diesel locomotives are used)

and pantograph shoe replacement.

• Scheduled car maintenance and overhaul.

• Unscheduled repairs.

• Heavy interior cleaning and refurbishment.
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• Vehicle wheel truing on a scheduled basis or as needed.

• Truck overhaul.

• Heavy locomotive and car repair including damage.

• Storeroom system for new and used rebuild items such as traction motors, wheels,

seating, electrical components, air conditioning, air brake, generators, motors, solid

state components, draft gear, buffers, window assemblies, doors, etc.

• Offices, locker rooms, and classroom training facilities.

(b) Maintenance-of-Way

A Maintenance-of-Way storage and maintenance facility consists of an open-yard in addition

to limited secured buildings. The major storage and maintenance functions will include the

following:

Storage of on-road vehicles, high-rail vehicles.

Track machinery maintenance equipment-storage and repair.

Catenary on-rail inspection and service train.

Maintenance-of-Way rail cars and ballast cars, etc.

Storage of ties, turnout components, ballast, track fasteners, rail, catenary poles and

related hardware.

Catenary wire, insulators, and hardware.

Power substation equipment such as transformers, circuit breakers, contractor

assemblies, control equipment, cooling oil, section-break switching, relays, etc.

Repairs and calibration of substation electrical components.

Offices, locker rooms and training facilities.

1.3.4 Safety Factors

There are two components to safety of a high speed rail operation:

1

.

Hazards to the train

2. Hazards caused by the train

Both components must be considered and steps taken to mitigate or eliminate the risks in a

particular corridor.

1.3.4.1 Grade Crossing Safety

A major safety concern in any corridor evaluation is the presence of at grade vehicular

crossings. The optimum route would provide grade separations. In some instances, this separation

criteria may be impossible to obtain. The following could be implemented where grade crossings

must exist:

1

.

Crossing occupancy detected by sensors and transmitted to train braking system.

2. Speed reductions imposed on trains where crossings exist.

3. A positive barrier system for vehicular traffic interfaced with the train as in Item 1.

4. Optimal design of approach roadway, site improvements and crossing warning devices.

A high speed train can derail in addition to destroying a vehicle at a grade crossing. If the train

must operate over a crossing at grade, a positive train or vehicle stop system is probably necessary.

The alternative is lower operating speeds for the train.
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In locations where overhead separations exist, barriers can be installed to minimize the

potential of vehicles falling or being thrown onto the track. Detectors that are activated when a

vehicle falls from the structure can be connected to the signal system to alert the train crew to stop

the train.

The United States Department of Transportation has proposed the following guidelines for

grade crossing safety for high speed lines:

(a) Speeds between 80 MPH ( 1 28 kph) and 11 MPH ( 1 76 kph)

• All public and desirably all private crossings, where train speeds fall between 80 mph

(128 kph) and 110 mph (176 kph), should either be closed, grade-separated, or

equipped with special signing and active warning devices, which include gates and

provide constant warning time;

• Four-quadrant gates should be considered depending on risk factors;

• Train-activated advance warning systems also should be considered, particularly where

highway sight distance is restricted; and

• Traffic control devices at public crossings must conform with guidelines provided in

the Manual on Uniform Traffic Control Devices (MUTCD).

(b) Speeds between 1 1 MPH ( 1 76 kph) and 1 25 MPH (200 kph)

• Those crossings over which trains are operated at speeds over 1 10 mph (176 kph) must

be effectively blocked from vehicular entry. Based on currently accepted U.S.

technology, this will require either closure or grade-separation.

• States wishing to demonstrate and test new technology, such as that now being used in

other countries at crossings with train speeds between 1 10 mph (176 kph) and 125 mph

(200 kph), must submit their proposals to the FRA for review. Following tests

satisfactory to the FRA and FHWA, such installations may be considered at selected

crossings in these corridors when justified.

(c) Speeds above 125 MPH (200 kph)

• In territory where trains will be operating at speeds above 125 mph (200 kph), at-grade

crossings will be prohibited.

(d) All crossings

• If train equipment not meeting curtent North American Standards is operated, more

stringent grade crossing treatments may be required.

1.3.4.2 Operational Safety

(a) Stations

Stations should be located and designed to minimize or eliminate the potential for injury to

passengers. The following features are to be considered:

1

.

Protection/warning for passengers on platforms where all high speed trains do not stop.

2. Provisions that absolutely prevent passengers from encroaching on the train safety zone.

3. At intermodal stations, positive design features to provide hazard-free transfer zones.

(b) Right-of-Way Protection

As with grade crossings, high speed rail right-of-way protection has two components.

1. Protecting trains from intruders.

2. Protecting intruders from trains.
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Methods for enhancing right-of-way protection include:

1. Fencing entire rights-of-way or selected locations with various types of fence.

2. Providing grade-separated facilities such as pedestrian bridges, cattle or animal

underpasses.

3. Raising or depressing the tracks to provide positive separation from other users.

1.3.5 Enviroiunental Factors

An investigation must be made to determine all the environmental impacts that would result

from the development of a high speed rail line. These impacts may be positive or negative but must

be given due consideration. For unavoidable adverse impacts mitigation measures must be

determined. Compliance with all environmental standards will be required unless variances can be

obtained. The following is a list of items to be examined.

Land Use

Air Quality

Energy Conservation

Water Resources

Biological Systems - Wildlife and Vegetation, Endangered Species and Wetlands

Noise and Vibration

Electromagnetics

Aesthetic Qualities

Cultural - Historical and Archeological

Social Impacts

Beach and Shore Protection

Hazardous Materials

1.4 OPERATIONAL ANALYSIS

1.4.1 General

The operational analysis of a new high speed rail system is entirely dependent on market

driven parameter comparisons such as trip time versus projected ridership, growth potential versus

train frequency, ticket costs versus alternate transportation costs, etc. These marketing projections

will determine the basis for trip time goals and train frequencies required to capture the necessary

travel market to justify investment in a high speed rail system. Ultimately, the required trip time and

train frequencies will translate into the infrastructure improvements and capital cost requirements for

a high speed system that meets the expectations of the customer. Therefore, the markering

projections and traffic modeling will be the determining factor in the overall planning of any high

speed rail system.

Once trip time goals, train frequency and capacity requirements are established, the operational

analysis can be formulated with the following components: train operations, infrastructure,

equipment, passenger handling, maintenance and maintenance facilities, stations and related

facilities. This section addresses components of train operations including train schedules, train

consist, operating speeds and equipment types; the other major operating issues are addressed in

other sections of this chapter.
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1.4.2 Train Schedules and Consists

The foundation for train schedules must be built on market projections involving train

frequencies, and stops to be served. These two parameters provide a basis for the number of trains,

with their proposed stops and projected time of day for the stops, required to attract the future

customer. This will allow for the development of a full train schedule. A train simulation model

will assist in determining train schedule conflicts, infrastructure requirements to support the

proposed schedule, the ability to plan for expanded service and the ability to predict operational

bottlenecks. The train operations review must take into consideration such factors as: track outages

for maintenance, train reliability and conflicts which arise when trains fail to maintain their schedule

due to weather or other operational impacts, turn around time, and labor requirements.

The train consist considerations are derived based on marketing projections for seating

capacity, expansion projections, equipment operation and maintenance policies and passenger

amenities. The areas to be explored are directly related to equipment types and are described in

detail in section 1.4.4.

1.4.3 Operating Speeds

Trip time goals as established through market projections will determine both the ultimate top

speed and average running speed of the rail system. This information combined with train

frequencies will establish the fundamental speed related infrastructure and equipment parameters.

Ultimately, the average running speed has the greatest impact on overall running time between

station stops and therefore dictates the necessity to review in very close detail all physical

characteristics of the property and system. The factors which must be considered when evaluating

operating speeds include curve speeds (unbalance considerations), moveable bridges, road crossings,

local town restrictions, signal system capabilities, train performance including acceleration, braking

and top speed. Operating speed analysis must also take into consideration ride quality, passenger

comfort, impacts on freight and other train operations, impacts on maintenance and capital costs, and

maintainability.

1.4.4 Types of Equipment

Equipment considerations must be based on market requirements for top speed, average

running speed, braking capability, seat and train capacity, physical characteristics of the right of way

such as curves, unbalance requirements, tilt versus non-tilt technology, ride quality requirements,

passenger amenities such as dining, snack, baggage handling, first class versus coach seating,

electric versus non-electric power, unit train concept, maintenance requirements, maintenance

facility requirements, turn-around servicing needs, pantograph spacing and performance (if

electrically powered).

The analysis must include overall equipment and operating policies involving trainset

approach, where the equipment is operated in a predetermined consist of power cars and passenger

cars which stay together as a unit and are not separated for maintenance or seat capacity increase,

versus the traditional approach of varying train consists by adding or eliminating power cars and

passenger cars based by individual train requirements. Both systems have advantages depending on

the requirements of the operations, but require very different maintenance practices, maintenance

facilities and operational considerations.

In addition to the trainset approach other equipment system issues which must be evaluated

include: articulated versus non-articulated trainsets, electric versus non-electric propulsion, tilt

versus non-tilt system. Power considerations must include, horsepower per ton requirements, single

versus double heading of trains, cab car configurations, and multiple unit train systems.
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1.4.5 Other Operating Issues

Station and yard layout, capacity requirements, passenger handling and ticketing, luggage

handling, catering, reservation policy, cleaning and inspection staffing are operating issues that must

be considered. Maintenance facility locations need also to be considered in planning the operation

and may affect the fleet size. The fleet size requirement is determined by train rosters reflecting the

service plan and including the daily inspection, maintenance and cleaning requirements, to which are

added the other maintenance requirements, as well as some spares. Parameters such as flexible

cleaning requirements at peak, or fast turn-around options have to be taken into account in that

determination.

1.5 FINANCIAL EVALUATION

1.5.1 General

In order to determine the financial viability and feasibility of a high speed rail project, all

elements of costs and revenues associated with the implementation of the project should be fully

defined. All assumptions made in the preparation of the financial plan (such as interest rates, foreign

exchange rates, inflation rates, etc.) should be fully described and substantiated. The plan should

also identify in detail all sources and uses of capital funds needed for the project as well as sources

and uses of operational funds on which the project's operational plan is based.

1.5.2 Cost Analysis

All elements of project costs should be fully identified including, but not limited to,

preliminary study costs, engineering costs, capital infrastructure and equipment costs (both initial

and ongoing), and financing costs (both debt and equity).

1.5.2.1 Preliminary Study Costs

Preliminary costs include costs that are incurred during initial feasibility studies that are

required to arrive at a basic system definition. This will include the costs of preliminary ridership

studies and preliminary alternative corridor and station location assessment studies.

1.5.2.2 Engineering Costs

All design and engineering costs associated with the high speed rail project should be fully

established at an early stage of development of the plans. These will include environmental impact

statement and mitigation costs.

1.5.2.3 Capital Costs

Initial and ongoing capital costs estimates should be prepared for the proposed system. The

initial capital cost estimates will consist of all costs incurred to build the system up to the first day of

revenue service including the preliminary engineering costs previously mentioned. The ongoing

capital cost estimates will include all expected costs to be required for at least ten years from the

start of operations. Elements of capital costs to be considered are:

• Environmental Impact Statement

• Environmental Mitigation

• Preliminary and Final Design and Engineering

• Right-of-Way

• Required Earthwork

• Utilities Relocation

• Track
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Grade Separations

All Railroad Bridges

Roadway Bridges

Signalization

Electrification

Stations

Yards and Train Maintenance Facilities

Miscellaneous Costs

Construction Management

Rolling Stock or Train Sets Required

Design/Construction Contingency

Financing Costs

1.5.2.4 Operating and Maintenance Costs

Detailed estimates of annual operating and maintenance costs should be prepared for the full

period of financial evaluation of the project. The methods used to develop each operating and

maintenance cost element should be fully described. In addition to customary operating and

maintenance cost elements such as labor, materials, vehicle maintenance, station maintenance,

utilities, security, insurance and administrative costs, the estimate should include the costs of leasing

the rolling stock, if applicable, or equipment replacement costs, and the costs of using any

infrastructure owned by others.

1.53.1 Farebox Revenues

Based on the estimate of ridership and the anticipated fare structure, a detailed forecast of

annual fare revenues should be prepared. The methods of producing the estimates shall be described

in sufficient detail to allow the above projection to be checked or replicated.

1.5.3.2 Other Operations Revenue Streams

Forecasts shall be prepared of any additional sources of revenue anticipated from the proposed

project. All assumptions, data and methods used to develop the forecasts should be specified. Such

sources of revenue might include the receipts from advertising, station concessions, royalties,

licenses, and from transporting parcels.

1.5.3.3 Real Estate and Supplemental Revenues

All amounts of real estate development and supplemental revenue sources that will be used to

supplement system operations should be identified and substantiated.

1.5.3.4 Public Sector Subsidies

Assumptions of any initial and/or long-term public sector operations subsidies should be

identified and fully substantiated. The amounts and limitations of such subsidies and the years in

which they will be required should be included.

1.5.4 Financing Considerations and Alternatives

The financing plan should cover construction of the high speed rail line as well as the operation

of the system for a minimum period of twenty years. The financing plan should set forth in detail

the proposed financing arrangement including all sources of funds that will be relied on for project

financing.

1.5.4.1 Debt Financing



Proposed Manual Changes 9

1

All forms of debt-related financing should be investigated, including taxable bonds, tax-free

bonds and bank loans. Amounts of debt-related financing should be identified along with the risks

associated with it. The terms, maturity, and guarantees or other securities pledged to the repayment

of such debt should be fully described. The costs associated with underwriting and issuing the debt

instruments should be accounted for.

1.5.4.2 Equity

The amounts of private sector equity contributions should be identified and their sources fully

described. All terms and conditions relating to these commitments should be identified and proof of

the private sector ability to provide the equity commitment should be substantiated through the use

of a bank's letter of credit or other appropriate banking instrument.

1.5.4.3 Government Participation

The level of public sector funding required for the project including those from federal, state

and local governments should be fully identified. This contemplated public investment should be

explained in detail including amounts and period over which it will be required. All legislative

changes at all levels of government that will be necessary for securing those funds should be

described.

1.5.4.4 Real Estate Development

All aspects of the high speed rail project capital financing plan which depend upon real estate

development should be identified. Forecasts must be presented for project revenues anticipated from

any land or property development, leasing or management activities to be undertaken in conjunction

with the construction and operation of the high speed rail project, or from any "value capture"

mechanisms developed as revenue sources for this project.

1.5.5 Cash Flow, Return on Investment and Other Financial Analysis

Considering all sources and uses of the capital and operations financing plans, a detailed total

cash plan analysis should be prepared extending through the life of the project. Net Present Value

and Internal Rate of Return calculations will be made. This analysis should be structured in a

manner which will enable the testing of alternate assumptions on the financial feasibility of the

project. Sensitivity analysis relating to various key assumptions such as interest rates, inflation rates,

capital costs, and ridership estimates from Real Estate development should be conducted.
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Proposed 1995 Manual Revisions

Chapter 19 - Bridge Bearings

Committee 15 has submitted this table of contents for Chapter 19 as the first step in creating a new

chapter on Bearings.

CHAPTER 19

BRIDGE BEARINGS
Parts 1 and 2 formulate specific and detailed rules for the design and construction of bearings

for railway bridges.
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Parti

Design

1995

FOREWORD

The purpose of this part is to formulate specific and detailed rules for the design of railway

bridge bearings.
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Part 2

Construction

1995

FOREWORD

The purpose of this part is to formulate specific and detailed rules as guide for the fabrication,

construction and erection of railway bridge bearings.
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Part 3

Commentary and Bibliography

1995

FOREWORD

The purpose of this part is to furnish the technical explanation of various articles in Parts 1 and

2 and to furnish supplemental recommendations for use in special conditions. In the numbering of

articles of this part, the second and succeeding digit in each article number correspond to the article

being explained.
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Proposed 1995 Manual Revisions to

Chapter 28 - Clearances

Part 3 - Miscellaneous

Page 28-3-1. Change title of Part to "Methods and Procedures."

Part 3

^Methods and Procedures

1995

(Reapproved with revisions 1995)
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Proposed Revisions to

Chapter 33 - Electrical Energy Utilization

Part 2 - Clearances

Replace current Part 2 with the following:

Part 2

Clearances

1995

(Adopted 1995)

2.1 THIRD-RAIL CLEARANCE DIAGRAM

See Chapter 12 - Rail Transit and Chapter 28 - Clearances

2.2 RECOMMENDED CLEARANCE SPECIFICATION TO PROVIDE FOR OVERHEAD
ELECTRIFICATION

2.2.1. GENERAL

The figures and charts in this Part 2, entitled "Proposed Clearance Specifications to Provide for

Overhead Electrification," include the electrical clearances required for direct-current voltages of

0.75 kV, 1.5 kV and 3.0 kV and alternating-current voltages of 12.5 kV, 25.0 kV and 50.0 kV for

pantograph heights above top of rail between 12 ft and 25 ft.

The electrical clearances for high-voltage alternating-current catenaries are based primarily on

those railroads already electrified at 25 kV and 12.5 kV. The clearances for 50 kV are derived from

about twice the proven and accepted clearance requirements for 25 kV.

The standard power supply for high-voltage alternating current overhead electrification is

single phase, 60 Hz.

The electrical clearances for direct-current voltages of 0.75, 1.5 and 3 kV are based upon

existing good practice and construction limits.

The two figures, four charts and two basic formulae are included to facilitate calculation of

vertical and lateral structure openings for the various dc and ac voltages.

For calculation purposes, it is generally agreed that electrical clearances should be based on 50

kV where a lower voltage has not been specified, since this is the voltage being studied by virtually

every major railroad contemplating electrification. In new construction, these clearances should be

based on "normal" rather than "absolute minimum" values as shown in Chart 2. For existing
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overhead structures where physical constraints exist and considerable expense would be involved to

achieve normal clearances, the recommended absolute minimums may be considered.

The application of such minimums may need to be accompanied by the use of protective

shields, insulated messenger wires, or other special measures in order to assure system reliability and

maintainability under potentially adverse conditions.

The original clearance drawing, along with the Report of the Engineering Division on Electrical

Facilities (AREA Committee on Electrical Energy Utilization) for clearances under structures on lines

that are or may be electrified was declared adopted by the AAR Engineering Division on December

12, 1975, and the updated figures and tables were declared adopted in March 1995.

With the exception of altitude compensation, the proposed clearance diagram has also been

written into the Federal-Aid Highway Program Manual on May 10, 1976, using a simplified formula

for 25 kV and 50 kV on lines contemplating electrification. (See 23 CFR, Chapter 1, Appendix to

Subpart B)

2.2.2 Construction Clearance

A construction clearance, as opposed to an electrical clearance, must include provision for a

number of factors, the most important of which are:

The electrical clearances between the structure and live parts of the overhead catenary system.

The loading gauge.

The electrical clearances between the contact wire and load gauge.

The dynamic movement or displacement of the rolling stock in the vertical and horizontal

directions.

The uplift of the catenary system when the contact wire is swept by the pantograph.

Civil and mechanical engineering tolerances in construction and maintenance of the track

and overhead system.

Depth of catenary including contact wire, messenger wires and hardware.

2.2.3 Electrical Clearances (Air Clearances)

The Clearance Figures 1 and 2 recognize two types of electrical or air clearances, "Passing"

and "Static", designated as P or C in Chart 2. These two clearances are used in the two basic

formulae to calculate vertical and horizontal structure openings in conjunction with Charts 1, lA or

IB and 3. Typical electrical clearances are given in Chart 2 and typical vertical clearances are given

in Chart 2A. Railroad lines operating above the 3,000-ft {914 M) elevation must use the altitude

compensation factors shown in Chart 4.

The electrical "passing" clearance, designated P, is the clearance between the catenary system

or pantograph and an overhead structure or load gauge under actual operating conditions during the

short time it takes for a train to pass.

The "static" electrical clearance, designated C, may be defined as the clearance between the

catenary system, when not subjected to pantograph pressure, and the overhead structure or load gauge.

The normal static electrical voltage clearance requirements are based on approximately 0.25 to

0.3 inches for each 1,000 volts ac in accordance with international practice on electrified railroads.

2.2.4 Depth of Construction of the Catenary

The three minimum depths of catenary construction normally used at overpasses, through truss

bridges or in tunnels, designated as D, are:
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1. Messenger-contact wire construction 6.0 inches {152 mm)

2. Twin-contact wire construction (at supports) 4.5 inches (114 mm)

3. Twin-contact wire construction (between supports) 1 .5 inches (38 mm)

Where supports may be required under a bridge or in a tunnel and suitable pockets to install the

support hardware cannot be made, the depth for twin-contact wire construction should be calculated

on the basis of the depth at supports unless completely insulated support material can be used. The

catenary construction depth shall include the contact and messenger wire diameters together with

catenary hardware items.

Note: Twin-contact wire construction may require the same material to be used for both

messenger and contact to achieve equal expansion. Support arms holding twin contact wires shall

have restriction in movement both up and down.

2.2.5 LOAD GAUGE

The normal load gauge for most major railroads will vary between 16 and 21 ft. (4.88 and

6.40 M). Abnormal load heights may exceed 23 to 25 ft (7.07 to 7.62 M) but these will be the

exception rather than the rule. The load gauge is shown as the "Y" dimension on the clearance

diagram. Additional information is included in Chapter 28 - Clearances, in the A.R.E.A. Manual.

Abnormal load heights up to the minimum contact wire height above any track section may be

accommodated by de-energizing the catenary by means of section switches or the use of dead wire

catenary sections.

2.2.6 LATERAL DISPLACEMENTS AND SUPERELEVATION

The limits of dynamic movement of rolling stock will vary considerably according to type of

equipment and track conditions. The lateral displacement values shown in Charts 1, lA and IB for

Locomotives, Multiple Unit (M-U) cars and Light Rail Transit (LRT) cars have been developed by

the manufacturers of these equipments, or verified by operating experience.

The maximum superelevation in Chart 3 has been based on 6 inches (152 mm) which results in

a lateral displacement of 30.2 inches (767 mm) at a height of 25 ft (7.62 M) above top of rail.

The method by which superelevation is achieved may vary among railroads. In the diagram, it

is assumed that the inner rail is lowered and the outer rail is elevated. On this basis, the sway of the

pantograph becomes synmietrical about the track centerline. If only the outer rail is raised, which is

the normal practice for most railroads, the track centerline may have to be realigned to provide for

clear passage of the pantograph through the available opening in an arched tunnel, bridge or

overpass.

The lateral displacements shown on the clearance diagram Figure 2 and Charts 1, lA and IB

are based on FRA Class 6 track and static deflection. For other classes of track, the dimension 'S'

must be increased and detailed engineering investigations may be required. (See 49 CFR, Chapter 2,

Para. 213.63)

2.2.7 ALTITUDE COMPENSATION

The air dielectric strength is reduced by increased elevation and railroads operating above the

3,000-ft (914 M) level must apply the altitude compensation factors shown in Chart 4 and in

accordance with the latest edition of the National Electrical Safety Code. Similar correction factors

will apply to high-voltage transmission lines and substation equipment.

In the two formulae below, the subscript 'A' has been used to designate the altitude

compensation factor that should be applied to the passing (?) and static (C) dimensions above the

3,000-ft (914 M) level.
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AIR CLEARANCE: (P/C)A

CATENARY UPLIFT (U)

TOLERANCE (T I)

CATENARY DEPTH (D)

TOLERANCE (Tj)

AIR CLEARANCE (P/C)^

EXCESS
VEHICLE BOUNCE (B)

TRACK TOLERANCE (T3)

UNDERSIDE OF
STRUCTURE

TOTAL VERTICAL
CLEARANCE REQUIRED

FOR RAILWAY
ELECTRIFICATION

(V)

STATIC VEHICLE
LOAD HEIGHT
(PUBLISHED CLEARANCE)

(Y)

TOP OF RAIL

TYPICAL DIMENSIONS AT OVERBRIDGES AND TUNNELS: INCHES (nwi)

T.I,T.2 : 0.5 r/i) MINIMUM, 0.5 - I (/i-25) NORMAL

: 0.5- 1.5 r/i-i.Sj MINIMUM,

1-2 (25-51) NORMAL; 3 (76) TUNNELS

: 6.0 (152) (MESSENGER/CONTACT SYSTEM)

1.5 (3S) (TWIN CONTACT); 4.5(114) (AT SUPPORT)

: 0.5- 1.5 f/i-i«) MINIMUM; 1.5 - 2.5 (.W-6.?) NORMAL

: 0.5 (13) MINIMUM; I -
1 .5 (25-3S) NORMAL

U

D

B

T.3

Figure 1. Vertical Clearance Allowance at Ovcrhridgcs and Tunnels
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Continuous Clearance for

lifted and swayed Pantograph

i.e. minimum roof profile

Local Mechanical or Electrical

Clearance to ground from

support unit (may require

additional clearance at support

positions)

Figure 2. Vertical and Lateral Clearances with Superelevated Track

This diagram shows recommended basis for minimum clearances, with twin contact wires,

between support positions. Allowances are based on class 6 track and dynamic deflection.

Operation on other track classes requires 'S' to be increased in proportion to dynamic
movement of the vehicles to be operated. Detailed engineering investigations may

result in deviations: see Charts 1, lA or IB, item 5.
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BASIS FOR LATERAL DISPLACEMENTS : (S)
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BASIS FOR LATERAL DISPLACEMENTS : (S)
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CHART 2A: TOTAL VERTICAL CLEARANCES

ABOVE LOAD HEIGHT USING TYPICAL DIMENSIONS
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CHART 3 SUPERELEVATION ALLOWANCE: (E)
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2.2.8 BASIC FORMULAE FOR CALCULATION OF VERTICAL AND LATERAL
STRUCTURE OPENINGS

Two basic formulae have been developed to determine the vertical and horizontal structure

opening for various voltages as shown on Figures 1 and 2 and Chart 2A. These are:

Vertical Structure Opening (H)

H^Y + P^ + P^ + U + T + D + B

where:

Y - Maximum height of loaded or unloaded car.

P^ - Underside of contact wire to top of load under passing condition; and

- Top of catenary messenger wire to underside of bridge deck or overpass under

passing (operating) condition - Charts 2 and 4.

U - Uplift of catenary due to pantograph pressure and operating conditions - Figure 1

.

T - Tolerances for catenary construction and maintenance, and track irregularities -

Figure 1.

B - Excess dynamic vehicle bounce allowance - Figure 1

.

D - Depth of catenary - Para. 2.2.4.

A subscript - Altitude compensation factor for above 3,000-ft (9J4 M) elevation - Chart 4

Lateral Structure Opening (W)

W = 2S + 2P^ + X + E + 2L

where:

S - Locomotive, MU car or LRT car sway - Chart 1, 1A or IB.

P^ - Lateral clearance of pantograph to side of tunnel, bridge arch or abutment under

passing conditions - Charts 2 and 4.

X - Pantograph, width of live portion of head.

E - Lateral allowance for superelevation where applicable - Chart 3.

L- Lateral shift of track within civil engineer's tolerance - 1.0" maximum, or in

accordance with FRA Track Standards.

A subscript - Altitude compensation factor for above 3,000-ft (914 M) elevation - Chart 4.

2.2.9 VERTICAL CLEARANCE

The vertical clearances for overpasses, through truss bridges or tunnels can be broken down

into three specific components:

• electrical clearances and catenary system (V dimension on the figures)

• load gauge (Y dimension on the figures)

• track construction requirements (future track rise allowance)

Typical Electrical Clearances

The electrical clearances for 50 kV are about twice the proven and accepted clearances for 25

kV. Clearance requirements for universal application, using normal static clearance allowances for

50 kV, can be summarized as follows:
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Contact wire to top of load 1 8 inches (457 mm)

Catenary to underside of overpass bridge or tunnel deck 18 inches (457 mm)

Minimum depth of catenary including wire thickness, civil tolerances 6 inches (152 mm)

Total Catenary Requirement 42 inches (1067 mm)

The 42-inch (7067 mm) clearance requirement is computed for systems designed to operate

below the 3,000-ft (914 M) level. Clearances must be increased in accordance with Chart 4 for

elevations above 3,000 ft. (914 M).

Load Gauge

It is generally agreed that normal load gauge, designated Y, will not exceed 21 ft (6.40M) for

major railroads. Further information is included in Chapter 28 - Clearances.

Track Construction Requirements

A 12-inch (305 mm) allowance has traditionally been employed by main line railroads to allow

for future raising or ballasting of track, installing rail with a higher cross section and construction

tolerances for the civil works, except where use of a smaller allowance is required by local

circumstances. A similar allowance should also be considered for commuter rail, rapid transit and

light rail systems, although the total amount would normally be much smaller.

2.2.10 TOLERANCES IN THE CATENARY SYSTEM AND POSITION OF TRACK

Allowances should be made in addition to the passing (P^) and static (C^) clearances, for civil

engineering and wire installation irregularities in determining the vertical structure opening.

Under minimum clearance conditions, the catenary system should be maintained to + 0.5

inches (13 mm) of the design level at the supports. It is recommended that an extra 0.5 inch (12 mm)

allowance be added to the tolerance for contact wire height above load gauge at normal clearance

conditions.

The position of the track is assumed to be maintained within the following tolerances of the

design position at overhead structures with limited clearances, as shown by the T3 dimension on

Figure 1, and by the L dimension on Figure 2:

Main line height at minimum clearance = 0.5 inches (13 mm)

Main line height at normal clearance -1- 1 .0 inches (25 mm)/ - 0.5 inches (13 mm)

Main line lateral alignment = 1.0 inches (25 mm)

Tunnels, bridges and overpasses height -1- 0.5 inches (13 mm)/ - 0.0

Track lateral alignment at Tunnels, bridges

and overpasses = 0.5 inches (13 mm)

2.2.11 CALCULATIONS

Vertical Structure Opening

For a 50 kV catenary system and a 21-ft (6.40 M) load gauge, the vertical height requirement

above top of rail to a bridge structure over railroad trackage electrified or proposed for electrification

may be calculated as follows, for locations below 3,000-ft (914 M) elevation; individual component

metric equivalents omitted for clarity:

H=Y-(-Pa + PaH-U + T + D + B

= 21'-0" + 14" + 14" + 2" + 2.5" + 4.5" + 2"

= 24'-y'(7.39M)

adding I'-O" for track rise = 25'-3" (7.70 M)
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Under static conditions, P becomes C and other tolerances and allowances may be replaced by

the normal amounts for the static conditions.

Electrical clearance calculations are based on a highway structure or bridge crossing at right

angles to the track and centered at the mid-span point in the catenary. At other angles, catenary

depths will vary and at the points of support may amount to as much as 5'-0" (1.52 M) where

attachment to the overhead structure has to be avoided. Adjustments for the catenary depth at the

actual point of crossing must therefore be made accordingly or twin contact wire construction

considered.

Lateral Structure Opening

The lateral structure opening depends on the sway of the locomotive, MU car or LRT car,

pantograph width, electrical clearance to side of structure, superelevation and track tolerances. For a

50 kV catenary, locomotives equipped with 6-ft 6-inch (1.98 M) pantographs operating over 6 inches

(152 mm) of superelevation and with a contact wire height at 25 ft (7.62 M) above top of rail, the

lateral displacement under normal operating conditions may be calculated as follows, for locations

below 3,000 ft. (914 M) elevation; individual component metric equivalents omitted for clarity:

W = 2S -K 2P^ -K X + E -H 2L

= 2 (15.0") + 2 (14.0") + 78.0" -t- 30.2" + 2 (1.0")

= 168.2" or 14.02' ; Say 14 feet (4.27 M)

Under static conditions the term S is omitted from the calculation and the dimension P^ is

replaced by CA which may result in a smaller lateral opening in a terminal area.

Clearances shown in the calculations are for high-voltage alternating current electrification.

The basic formulae may also be used for low voltage electrification, i.e., 0.75, 1.5 and 3.0 kV dc.

Caution must also be exercised in relating electrical air clearances to insulator supports since

apparent creepage dimensions may vary due to the numerous designs available from individual

manufacturers and the wide variety of insulator configurations in use.

Special Notes:

/. All of the above equations and sample calculations have excluded the effects of side winds,

ice loading and catenary vibrations caused by high speed trains. These items should be taken into

account on a site specific basis during the detailed engineering analysis and design ofa project.

a. It is recognized that data at various voltages produces total vertical clearance allowances

which are different for dynamic passing situations and for stationary static situations. These

guidelines provide the means to arrive at both allowances, but do not direct the user to a particular

conclusion since design decisions can only be made with a full understanding of the actual

circumstances involved.

2.2.12 TECHNICAL NOTES

1 . The assumption is made that the contact point of the pantograph is centered longitudinally over

the truck pivot point of the locomotive, MU car or LRT car. Where this is not the case,

additional lateral clearance on curved track sections must be determined from the exact geometry

of the pantograph passage through curves and turnouts. In these circumstances, the projected

pantograph centerline is separated from elevated track centerline and all catenary supports on

curved sections should be aligned to relate to pantograph centerline.

2. Voltages given are nominal system operating voltages; calculated clearances typically contain

allowance for + 10% variation of the nominal voltage. It is assumed that suitable lightning

protection apparatus is part of the installed system.
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3. Passing Clearance refers to an air clearance between live parts of either the vehicle or catenary

and the grounded vehicle or adjacent fixed structure under dynamic conditions and exists only

during the passage of the train.

4. Static Clearance refers to an air clearance between live parts of a vehicle or catenary and the

grounded parts of a vehicle or adjacent fixed structure while the vehicle is stationary. Static

clearances (not passing clearances) apply to catenary and maximum car profile (including any

load) in terminals and yards or wherever vehicles may remain stationary for extended periods.

5. Where contact wire is off-center in relation to the pantograph, account must be taken of

additional side-tilting of the pantograph and clearances adjusted accordingly.

6. No recommendations are made as to standard or normal contact wire height or clearances since

these will be governed by operating conditions and requirements. Where personnel are permitted

or required to go on top of rolling stock, appropriate safety clearances should be established and

contact wire height requirements will be greater than where such practice is prohibited.

7. Minimum vertical clearances generally assume the use of twin contact wire with closely spaced

supports. If messenger wire is used, the vertical opening must be increased by the messenger to

contact wire spacing, plus an additional catenary uplift allowance where extended length

catenary spans of more than 40 feet are used.

Part 4 - Railroad Electrification Systems

Page 33-4-16, article 4.4.2. Replace current formula for "I" with:

I =
/{ [1.01+0.371 (^)'^"]k,(t,-tJ + 0.138DG

Page 33-4-17, article 4.4.4. Replace current example with:

f ri.Ol +0.371
/"•44Zxu.uo«x /zuuy.^. -,

^
IL V 0.0473 ^ -•

x 0.00852 (75 - 25) + 0.138 x 0.442 x 0.5 x

r/348y_/298y-j_Q5
95 3 003^1 L

LVIOO^ V 100/ J J o.ooc0000872

I. = / 13.08 + 2.07-1.72

V 0.0000872

I = 392 amperes
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CSX TRANSPORTATION'S NEW EAST
PASCAGOULA RIVER BRIDGE

By: F. C. Edmonds*

A new rolling lift bascule bridge will soon be placed in operation on CSX Transportation's

NO&M Subdivision at Pascagoula, Miss. This line segment running from Mobile, Ala., to New

Orleans, La., annually handles 33 million gross freight tons, as well as Amtrak Service four times a

week.

The previously existing structure over the navigation channel of the East Pascagoula River was

a 211-foot through Howe truss swing span built in 1904. The approaches consisted of open deck steel

spans on timber bents.

In 1989, after holding public meetings, the U.S. Coast Guard declared the bridge to be an unrea-

sonable obstruction to navigation and ordered its alteration under the Truman-Hobbs Act.

CSXT and the Coast Guard agreed that due to the influence that rail traffic would have on the

on-line construction costs, compared with the additional construction costs of approach work off-line,

the project would be presented for bid with both methods fully designed. The invited contractors were

required to offer proposals on both schemes.

Hazelet + Erdal was selected to design a structure that would provide a navigation opening hav-

ing 140 feet between fenders and an unobstructed vertical clearance of 80 feet at the face of the fender

when in the open position. The on-line design would include only replacement of that portion of the

existing structure as necessary to accommodate the navigation span and minimal approach spans. The

off-line scheme was to include, in addition to the navigation span, the approaches and associated

track and signal work.

*Director, Bridge Design, CSXT
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The design criteria was established as that specified by AREA for a Cooper E-80 loading with

diesel impact and special requirements of CSX Transportation. The navigation span was the same for

each scheme consisting of a single leaf rolling lift bascule with 1 7()-foot cantilever trusses on 22-foot

centers and a depth of 33 feet over the channel. A one piece overhead concrete counterweight is sup-

ported on the rear arms of the trusses. The segmental double-webbed girders supporting the segmen-

tal castings on a 27-foot radius, form part of the trusses and roll on track castings bearing on 34-foot

double-webbed through girders of the track girder span.

The operating machinery for the bascule span is driven by two low-speed high-torque hydraulic

motors. The brake system is designed to hold the navigation span in the open position and withstand

a sustained 50 psf wind load at an angle of opening of 7 1 degrees. The span is to be closed prior to

any hurricane event. Programmable logic controllers are used to monitor the hydraulic parameters

and provide normal automatic operation.

The on-line scenario included two open-deck steel approach spans to bridge the openings

between the new and existing structure. Minimal signal and track work was anticipated.

The off-line scenario, 35 feet upstream of the existing bridge, included construction of a total

of 1 1 concrete ballast-deck approach spans, track relocation and signal alterations.

The least expensive for the alteration proved to be the proposal by The Hardaway Company,

plus CSX Transportation force account track and signal costs covering construction of the entire

bridge off line. Construction began in August 1993 and completion is scheduled for April 1995.

1 I 1 i
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PRESIDENT'S ADDRESS
By: M. W, Franke*

I am pleased to be addressing you this morning as the president of the AREA. It is particularly

gratifying since most of my presidency took place during 1994, which was clearly a record-setting year

for North American railroads—and for the AREA. Of course, merger discussions are what tlrst come

to mind in reflecting on last year.

But behind all the Wall Street Journal headlines and boardroom merger dramas, railroads were

quietly and efficiently continuing their dramatic growth in volume, quality of service, financial perfor-

mance and safety improvement.

Successes in 1994

Last year. Class I railroads moved 1.2 trillion ton-miles of freight, an 8 percent increase over the

previous year and an all-time record. Revenues topped $30 billion for the industry, a 6 percent increase.

And net railroad operating income increased 50 percent over 1993, from $2.2 billion to $3.3 billion.

Today we are doing more with less. As an industry, we accomplished all these record achieve-

ments with fewer employees, fewer miles of track, fewer locomotives and freight cars. Our productiv-

ity is higher than ever, and improved profitability continues. Our customers—and our highly competi-

tive economic environment—have demanded that we do more with less. And clearly, we've succeeded

in doing just that.

By reducing costs and improving productivity, we've positioned ourselves to attract significantly

more traffic. Two-thirds of all new automobiles, sixty percent of the nation's coal and over half of the

country's household appliances, lumber, grain and food move on the railroads. As importantly, we are

positioned to take advantage of a rapidly growing and highly demanding segment of business—inter-

modal partnerships. In 1965, the rail industry handled 1.6 million trailers and containers. Last year that

figure topped 8 million.

We are competing effectively with motor carriers for long-haul transportation business. In fact,

we're so good that truckers like J.B. Hunt, Yellow Freight and others are putting their own trailers and

containers on railroad flatcars. Santa Fe. for instance, can get a trailer from Chicago to Los Angeles

faster than a truck can—and for less money. Trucking companies must pay drivers premium rates to

make the classic "West Coast Turnaround."

The Role ofAREA

1994 was clearly a record year for freight railroads. It was also a record year for the AREA. Our

membership is as high as it has ever been, our publication income continues to flourish and, as is appar-

ent here today, our conference attendance is very good. Our active membership is now about 3.900

which, if compared on an equal basis to previous years, is near a record number.

Our AREA technical committees continue to be very active. These committees provide outstand-

ing professional growth to the AREA members and many benefits to their employers—setting the rec-

ommended and well-respected engineering practices for our industry.

Just as the railroads have achieved their growth in the face of difficulty, so has the AREA
achieved these improvements despite the challenges of the past few years. We maintained our high

membership levels despite significant cuts in engineering staffs and travel budgets at many of our

member railroads. Clearly, the quality of the work we're doing and the contribution of our technical

subcommittees to the members and sponsoring railroads are well-recognized.

*Vice President and Chief Engineer. ATSF Ry.
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Last year, the Association of American Railroads initiated a widespread review of their organi-

zation—with the goal of reducing expenses and headcount through a restructuring while at the same

time becoming more responsive to its rail members' needs.

The relationship of the AAR and AREA was also scrutinized because the AREA staff consisted

of employees who were on AAR's payroll but who served the AREA, an independent, professional

engineering association. Cost-sharing was calculated under a somewhat convoluted formula, which

came under periodic review in any event.

As part of the AAR's reorganization, Lou Cemy and Anne Hazel assumed other full-time duties

within AAR. We certainly thank them for their AREA work over the years. At the first of the year,

the AREA and AAR entered into a new contractual arrangement whereby the AAR would provide

administrative support for the AREA. This includes the continued focus of Wendy Tayman, who was

also an AAR employee, on AREA matters. Your board also approved the hiring of John Robinson, an

AREA member for over 20 years with degrees in engineering and law, to assist us as Executive

Director during the transition. John had just retired from AAR in January so it was timely that he

would manage the AREA under its new structure.

For an in-depth discussion of the new arrangement, I encourage you to read my interview in the

current issue of Railway Track and Structures magazine. We will also hear more from John in a few

minutes.

Increased Pressure on the Infrastructure

We should celebrate the successes of the rail industry in the past decade, but we also can see

we still have our work cut out for us. This is not a time to rest on our laurels. Instead we must mar-

shall our resources for the challenges of the years to come.

Today's railways are lean, efficient and structured for growth. The physical plant has never been

in better condition. The U.S. rail industry, for example, now spends more than $8 billion annually for

maintenance and improvement projects, and initiatives are underway in Mexico and Canada as well.

It's a good thing our railroads are in such good condition—given the demands that volume

increases have placed on our infrastructure and equipment. As I mentioned at our Fall Conference in

Montreal, railway engineers are standing between two opposing forces. On the one hand, there is

greater pressure on operations to gain efficiencies for greater financial returns. On the other hand,

there is more pressure on the infrastructure—our track, signals and bridges—to be at peak condition

at all times to allow us to achieve our train service commitments.

Increased traffic, heavier axle loads, higher train speeds and shorter work windows all demand

better materials and equipment that is more durable and efficient. Sometimes we have to spend more

to get more. But before we invest, for instance, in high-productivity roadway equipment—or concrete

ties instead of wooden ties—we must be able to justify these expenditures in terms of longevity and

performance in a rational, business-like way.

This means a comparable increase in what we expect from our suppliers—in terms of the qual-

ity and the durability of the products they provide. Railroads are working closely with manufactur-

ers, consultants and each other to create materials with higher tolerances at an acceptable cost.

You have an excellent opportunity during this conference to see some of this new technology

at the REMSA Technology 2000 exhibit here in the Palmer House and I encourage you to take part

in this important event.

Railway engineers have thus far successfully balanced the opposing forces of financial effi-

ciency and performance—but this balance is inevitably tenuous. Even seemingly small shifts in the

nation's economy, freight rates, volume levels and various capacity constraints can have a tremen-

dous impact on this equilibrium.
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We must take steps now to anticipate what the impact of such economic shifts may be on our

maintenance programs. This was a factor that influenced our choice of Jim Valentine as a keynote

speaker for this year's conference.

With the challenges we are certain to face in the coming years, we need to draw on resources

from many areas, including insights and expertise from the financial community.

Another factor that will help us cope with the coming challenges is our development of long-

range planning models that help us pinpoint where strategic maintenance is needed, so we can

accomplish maintenance activities with minimal traffic disruption. Consideration must be given to

track configurations, traffic densities and the nature of the work to be performed—working in close

coordination with members of our transportation and marketing people in a true team effort.

The need for precise maintenance planning, the growing amount of time-sensitive freight, the

overall increase in rail traffic densities that leads to shorter maintenance windows, the pressure on

operations to justify expenses—many of these issues are relatively new to maintenance depart-

ments.

They are issues, however, that must be addressed vigorously if we are to ensure our rail infra-

structures can meet the challenges and opportunities of railroad operations during the coming decade.

What are some other trends I see affecting our industry and us as railway engineers?

Increasingly, customers want seamless transportation—a smooth hand off of their freight from one

railroad to another and from one mode to another. We are making strides in this area. Of course, this

is one of the prime factors driving recent rail company consolidations and proposed mergers—includ-

ing the merger we've proposed with the Burlington Northern and the Union Pacific's acquisition of

the Chicago North Western. Single line service across a larger geographic region offers shippers

many potential benefits.

Interline service management, the Interline Settlement System and Rate EDI Network are also

each a step in the right direction and should contribute to seamless service, speedier settlement of

interline accounts and instant rate information.

AEI—Automatic Equipment Identification—will provide constant updates on the locations of

every one of our 1.2 million freight cars. But when you consider that we can move a trailer or con-

tainer more quickly across the country than we can make an interline connection across a major city,

these improvements are long overdue. The bar is constantly rising. Today's technology is barely

meeting the demands of today's customers.

We will also be seeing continued development of light rail projects such as the highly success-

ful St. Louis line that went into service in 1993, the Denver line that went into service in 1994 and

the construction of a new light rail system in Dallas now underway. Expansion of existing rail tran-

sit systems is on the drawing board for many other North American cities. Several significant heavy

rail commuter construction projects are also underway. As you have seen in the program, we have

continued the popular transit session on Tuesday afternoon as part of this technical conference.

To help meet these challenges, railroads are developing another key resource—with an influx

of new talent. Railroads have for many years been an aging industry. At Santa Fe today, the average

employee is 45 years old with 20 years of railroad experience. Although such industry loyalty is

admirable, it does have its drawbacks—most importantly a tendency to become entrenched in "old,

accepted" ways of doing things. At Santa Fe over the past few years, we've been hiring management

trainees in the transportation, engineering and mechanical areas. This is the first influx of new blood

we've seen for many years, and I must say the caliber of the people we're attracting is very high.

Many have had successful military careers, while others are business, engineering and transportation

graduates from top schools around the country.
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We're also seeing an influx of new blood in our union ranks. Since 1993. Santa Fe has hired

nearly 2,300 new union employees. Several hundred existing employees have also changed crafts to

gain cross-functional experience.

The typical profile of these new hire union employees is vastly different from that of employ-

ees we hired 15 or 20 years ago. Most of them have at least a few years of college experience, while

many have bachelors and even masters degrees with an excellent work ethic. This diverse experience

will bring a vastly different quality to our union workforce over the coming years.

The railroads" success in meeting past challenges bodes well for our future prospects. The door

of opportunity is open. Railroads truly are a 21st century technology. Even more productivity gains

and growth are on the horizon.

I wish to thank the AREA board, its officers and members for their continued support and

encouragement throughout my year as president. Together we will continue to overcome the railway

engineering challenges facing us in the next century. Our success is ensured, in part, as we share

ideas, projects and experiences with each other at conferences such as this. This year's program was

designed with that in mind. I hope all of you leave here with those expectations fully met.

1994 was a year marked by growth and success for the rail industry and AREA. I am confident

this success will continue throughout the rest of this year and on into the next century.

Thank you very much.
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by Michael E. McGinley P.E.*

At 4:30 a.m. on January 17, 1994, a magnitude 6.8 earthquake struck the San Fernando Valley

at Northridge. a suburb of Los Angeles. My presentation will illustrate the railroad's response to the

quake. This consisted of providing alternative transportation during the period that highway capacity

was severely reduced, as well as recovery of the railroad's own infrastructure. Our response at

SCRRA, and this presentation, was possible only through the heroic cooperation of our staff, our con-

sulting engineering support, our contracted construction and maintenance forces, and the profession-

als of the entire railroad industry associated with this effort. I am honored to represent all of these

excellent people in bringing this story to you today.

This presentation will describe the railroad and geographic setting, the earthquake event, the

effects on the railroads, the loss of highway capacity, the emergency train service, and the construc-

tion of route improvements to support the added service.

Background

The SCRRA, popularly known as "Metrolink," is a five-county joint powers agency that was

formed in 1990 to implement commuter service on six lines in Southern California. This was funded

by a combination of local sales taxes and a set of state bond initiatives. These routes are a combina-

tion of trackage rights on, and lines purchased from the Santa Fe, Southern Pacific, and Union

Pacific. Service began in October, 1992 on three lines. As of January, 1994, four lines were in oper-

ation and service was poised to begin on a fifth line. Two of these lines were affected by the earth-

quake; the Ventura County line and the Santa Clarita line (Figure 1).

Figure 1

'Project Mgr., Southern California Regional Rail Authority
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The Santa Clarita Line was purchased from the Southern Pacific in two stages in 1991 and

1992. It is a portion of their original main line from Central California to the east via Arizona and

Texas. It was completed through this area in 1876.

The original line through Los Angeles was a compromise. The builders of the SP knew that the

shortest transcontinental route was through Cajon Pass, however, this would bypass the city and port

of Los Angeles. With the persuasive effects of city money, SP's route was changed to pass south-

westward from the Mojave Desert, through the Santa Clara River Canyon, Saugus, Newhall Pass, the

San Fernando Valley, and Los Angeles. This line has grades up to 2.4 percent and several locations

of six to ten degree curves.

The most difficult part of construction was Tunnel 25, under Newhall Pass. This bore is 6976

feet long. It was opened in 1875 and was lined with concrete in 1920. Charlie Crocker, one of the

Central Pacific's "big four," reported that it was the most difficult tunnel he had ever built. While the

tunnels over the Sierra Nevada were challenging because of the very hard rock. Tunnel 25 had soft,

young sedimentary formations which discharged water, gas, and petroleum. Progress was so slow

that a center shaft was sunk to allow work on four headings.

The original line closely followed the river and was relocated in many places during the follow-

ing years to avoid washouts. After Worid War II traffic was near saturation and transit times were

becoming uncompetitive. Studies were made by the SP to improve the capacity of the line by reduc-

ing curves to 5 degrees. In 1960 this study advanced to the point of obtaining right of way for these

changes. Simultaneously the SP revisited their original concept to use Cajon Pass and bypass this

canyon route and the congested terminals at Los Angeles. In 1966 the SP began construction of the

78-mile Palmdale-Colton line and I began my railroad service inspecting this construction while wait-

ing out my draft notice. After the 1967 completion of the Colton Cutoff, traffic on the Saugus line was

reduced to about four MGT, and gradually raised back to about eight MGT in 1992.

In 1971 a magnitude 7.1 earthquake occurred at Sylmar, centered about three miles east of

Tunnel 25. This caused several freeway structures to collapse, some of which obstructed the SP lines

for about 30 hours. Tunnel 25 was not affected.

In 1989 a magnitude 7.2 earthquake at Loma Prieta caused the catastrophic collapse of many

highway structures including the Nimitz freeway in Oakland, California. After this event the

California Department of Transportation (Caltrans) began a program of seismic retro-fitting highway

structures. This program includes augmenting the spiral and tie-wrap steel in concrete columns with

steel jackets and applying restraining fixtures to construction and expansion joints.

During the 1970s and 80s the Santa Clarita (Saugus) and Palmdale-Lancaster areas were exten-

sively developed as residential suburbs of Los Angeles. Sometime during this period the term

"Mojave Desert" was replaced by "Antelope Valley." The Antelope Valley freeway. State Route 14,

was completed in stages in the 1970s. By 1992 there were over 200,000 residents in Palmdale and

Lancaster and an additional 250,000 in Santa Clarita. With the exception of two very steep and slow

mountain roads, all of these commuters, plus the majority of the state's north-south highway traffic

is funneled through the San Gabriel mountains via Newhall Pass. The interchange between Interstate

5 and the Antelope Valley freeway is jammed into the canyon at the south portal of Tunnel 25.

Metrolink purchased the line from Los Angeles to Palmdale, plus a 40-foot strip of the line

north of Palmdale to Lancaster, in 1992. This purchase included the property for the line changes that

the SP had proposed in 1960. The original service provided by Metrolink was from Santa Clarita to

Los Angeles. SP retained maintenance responsibility for the freight-only portion between Palmdale

and Santa Clarita. The Los Angeles County MTA was developing long-range plans to extend service

northward to Palmdale and Lancaster within the decade. To this end, Metrolink staff had inspected

the line, reviewed the proposed line changes, and had performed a preliminary biological assessment

of the impacts of line change construction.
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Metrolink's other line through the San Fernando Valley, the Ventura County line, is operated on

the SP's coast line. It began service in 1992 between Moorpark and Los Angles. This line was con-

structed in 1907 and partially upgraded in 1992. It roughly parallels the Simi Valley freeway, State

Route 118.

Both the Ventura County and Santa Clarita lines are single-track and both are operated with

DTC train control.

Metrolink utilizes contractors to perform railroad functions including operation, dispatching,

and maintenance of way and equipment. All of our capital improvements are constructed with com-

petitively-bid public contracts. We operate under the General Code of Operating Rules. Most of our

routes are joint facilities with Intercity passenger and freight trains sharing our lines.

Our maintenance and engineering standards were developed prior to assumption of mainte-

nance and start of operations. These standards include responses to earthquakes. The first action is to

halt all traffic when an earthquake is detected. When the epicenter and magnitude are known, opera-

tion can be resumed if the event is below certain thresholds. Above the threshold, inspections of track,

signals, and structures is mandatory, within certain distances from the epicenter. This system has been

followed by all western railroads. Our policy follows that established by Al Renne, retired AGME of

the Santa Fe.

Besides the obvious shifting of track, embankments, and structures, earthquakes affect signals

and communications. Relays may be tripped, commercial power may be interrupted, antennae may

become misaligned, line wires may become wrapped, and commercial communications may become

saturated or severed. Employees are affected both by their personal loss and by the loss of commu-

nication and mobility.

Metrolink, along with other major utilities and railroads, became one of the original members

of CalTech USGS Broadcast of Earthquakes (CUBE), an earthquake research and data service. This

program includes seminars on seismic research, structural effects of earthquakes, and a system of

monitoring earthquakes.

A system of seismometers is continuously linked to computers at CalTech. When an earthquake

occurs, the computer determines the approximate center and magnitude of the event by the timing

and strength of the field reports. Because seismometers are very sensitive, the ones near a major event

are saturated and often yield only timing data. A large network of sensors is required to quickly solve

for magnitude and location. The system then issues a digital message via pagers. These messages are

fed into client's PC computers for tabular and map displays. Metrolink has installed the computer and

pager in our dispatching office. This has proven to be an economical, reliable source of information

on earthquakes, and helps guide our inspection and resumption of traffic after events.

Metrolink offers commuter service using off-the-shelf equipment and barrier-free ticketing. We

have the nation's first fully accessible railroad system with cars and stations equipped for wheelchair

boarding. Our station platforms are eight inches above the rail to enable passengers to board in three

steps using two wide doors per car. Our normal station stops are well under one minute.

Initial service on both lines consisted of three and four peak direction trains only. During 1993

mid-day trains were added. Ridership on the Santa Clarita line was only about 950 daily, the Ventura

County line carried about 3000 daily. Ridership was gradually trending up on both lines.

The Earthquake

The Northridge earthquake occurred on a blind thrust fault under the San Fernando Valley. In

terms of plate tectonics, the Pacific Plate is moving northwest past the North American Plate at a rate

of one to two inches per year. The boundary between the plates is the San Andreas fault system. In

the Los Angeles area this fault system is irregular and results in a complex set of thrust faults and the

plates push against each other. This action has resulted in very rapid elevation of the local mountains
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Figure 2

and subsequent filling of valleys and synclines with deep sediments. The Northridge event was on

one of these deeply buried thrust faults. No surface rupture was found. The vertical acceleration

exceeded 1 .6 g at some recording stations and a vertical displacement of over one foot higher north

of the fault. Figure 2 is the CUBE screen display of the main event plus several aftershocks.

Two anecdotal stories may convey the effects of the event.

Our District Engineer, Frank Mendoza, was at a filling station. The vertical motion was so

strong that his Hy-Rail truck began bouncing off the ground and chased him into the pump island.

The engineer of a westbound SP HORVQ freight train that was very close to the epicenter

reported that he first noticed city lights were going out. He then saw a wave in the rail and the ground

advancing toward the locomotive. When the wave passed under him the locomotive jumped up off

the rail. It came down on the ties and slewed sideways to a stop just short of a highway overpass with

the trailing units and cars in a general pileup.

The earthquake killed 61 people, injured 9000, damaged or destroyed 45,000 housing units,

crippled several freeways, and resulted in $30 billion damage, the most costly natural disaster in U.S.

history. Almost all of the highway capacity of the 1-5 interchange at Newhall Pass was lost and the

1 1 8 freeway was closed at Northridge due to collapsed bridges. The seismic retrofit program was val-

idated because no rehabilitated bridges were lost. Caltrans estimated that it would be one year before

capacity was restored to pre-quake levels.

Because the earthquake happened so early, no Metrolink trains were in operation. The emer-

gency response was to halt all trains and not permit any operations until inspections were completed.

With the exception of the derailed HORVQ at Northridge, all our lines were intact and were opera-

ble by noon. Slow orders were imposed at several locations, principally bridge approaches, where

fills had settled due to the enormous vertical loading.

Except for the Ventura County line, full service was resumed Tuesday the 1 8th, however, rid-

ership was very low because few people wanted to leave their homes, they were watching television

of the disaster. On Wednesday ridership jumped to uncountable totals, with packed loads in 10-car
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consists on the Santa Clarita line. The only alternative transportation through Newhall Pass was a 2-

lane road, operating at about 15 mph, with waiting periods of several hours.

City and County officials immediately contacted Metrolink to request a high level of supple-

mentary service. Because locomotives, cars, and crews were on hand to start our Orange County line

service in March, additional trainsets and cars could be added to the Santa Clarita and Ventura County

lines.

Based upon initial forecast of over a year of closure of the 1-5 interchange, plans were made to

extend the Santa Clarita service to Lancaster and to extend the Moorpark service further up the SP

coast line to Oxnard, and to add numerous midday and evening trains.

On Wednesday, January 19, we operated a special train from Los Angeles to Lancaster to check

the location of stations and the layover facilities. Additional detailed inspections of the route were

made to determine the improvements that would be needed to relieve freight train interference and

reduce travel times. Figure 3 shows the train passing under a damaged interchange. Every bridge in

this picture was eventually demolished and replaced.

Representatives of FEMA inspected the lines to compile Damage Survey Reports, DSRs, that

would enable Metrolink to be compensated for the train operation and the route improvements. This

Figure 3
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compensation was deemed a proper mitigation of the loss of highway capacity. These inspection trips

involved accounting and operating in addition to engineering staff.

New stations were planned and constructed at four sites on the Santa Clarita line and three on

the Ventura County line.

Arrangements were made to add platform length and parking capacity to three existing stations

and to add escape crossovers at Los Angeles within five days. The completion of the Sylmar station

was advanced from two months to two weeks.

The schedule of openings of stations was:

January 17 Earthquake

January 24 Lancaster, Palmdale

January 3

1

Vincent, San Femando/Sylmar

February 7 Via Princessa

February 14 Northridge, Camarillo

April 4 Oxnard

All of the new stations were constructed with field expedient engineering. Local public works

departments, U.S. Navy Construction Battalion, public utilities, and Metrolink forces combined in

around-the-clock efforts to bring the first stations on line within six days of the earthquake. This

included installation of operating ticket vending machines, platform lights, signage, and parking.

Permits and plan checks simply did not exist. Generally, the platforms were asphalt over aggregate

base, with either timber or precast concrete headers. Handicapped boarding ramps were fabricated

from lumber and pipe.

These emergency operations were only possible through the cooperation of the Southern Pacific.

Both earthquake mitigation services were on SP lines and they agreed to support the service through

rescheduling freight traffic, providing construction inspection and flagging for station inspection, and

adjusting dispatching functions to accommodate our operations. Metrolink assumed maintenance of

the line from Santa Clarita to Palmdale upon the start of commuter service on January 24.

Even with the extra cars available from our Orange County service, additional capacity was

required. Locomotives were leased from Amtrak and cars were leased from the Joint Powers Board

at San Francisco and the Government of Ontario's Toronto operation.

The engineering challenges were focused on reducing the travel time between Lancaster and

Los Angeles. Using the freight speeds, the trip took 2 hours, 24 minutes. Our goal was to reduce this

to 1 hour, 35 minutes, which is equal to express bus service.

Because the service extension was on freight lines, the superelevation on curves and the cross-

ing device speeds were lower than they had been before discontinuance of passenger service. With

the exception of high-tonnage rail between Palmdale and Lancaster, the level of SP maintenance was

quite adequate for the speeds operated. Our first response upon assuming maintenance was to begin

surfacing to increase elevation in curves to obtain some improvements in speed.

Our approach to increasing speed consisted of six efforts:

New track from Palmdale to Lancaster

Realign selected portions of Palmdale-Santa Clarita

Rehabilitate and superelevate remaining portions of line

Rehabilitate Tunnel 25

Install CTC

Obtain waiver to operate at four inch unbalanced elevation.
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New TVack Palmdale to Lancaster

The new track was constructed in order to increase our speed from the 50 mph on the SP to 79

mph, and to satisfy our agreement with the SP that passenger operation would be removed from their

main. This was perhaps the most railroad ever built for the least amount of engineering. Almost the

complete design for our track consisted of this sentence:

"Construct a track of 1 36 lb CWR and concrete ties 20 feet west of the SP centerline and at the

same elevation, and match their drainage openings."

Additional design work was only performed at highway crossings and our terminal at Lancaster.

This construction was competitively bid in a quick, informal process. We were able to obtain use of

CWR trains from both the SP and the Santa Fe and the contractor leased the Georgetown "Dump
Train" to deliver ballast. These trains worked from the SP main. Two precast bridges were ordered

out of Santa Fe stock and installed. The whole 9.5 miles of track and crossings was completed by

April 30, however, CTC was not cut over until June 1. This section cost $15 million.

Track Realignments—Palmdale to Santa Clarita

Alignment improvements were based upon SP"s 1960 work with our 1993 biological review.

We decided that within the time and dollar limits we could not do all of the changes, so a process of

selection was begun.

Because several of the proposed line changes would require diversion of the Santa Clara River,

and it was known to be a habitat of two endangered species, we elected to delete any impacts to the

riparian areas. We believed that even if permits could be obtained, it would be too late to mitigate the

traffic.

A very rough cost estimate was compiled of the remaining eleven proposed line changes, using

the centerline plans overlain onto USGS quadrangles. This was compiled along with the time savings

to yield a performance-based criteria. The best five locations were selected for construction, with

design proceeding on the next highest three in case our opportunities or priorities were changed.

These were put out to bid on a unit price basis because detailed plans or quantity estimates were not

available. One of the original five sites selected was later dropped upon reexamination of our time

savings and two others were added when more refined cost estimates and actual bid prices were

known. Construction of the line changes proceeded during spring and early summer with the cut-

overs scheduled on weekends. All line changes were constructed of concrete ties and 136 lb CWR.
Some relay rail was carried forward from old line segments.

These line changes included four bridges. Three "Santa Fe" precast prestressed box girder

bridges were built over drainage channels and ranch roads. A 90-foot skewed thru plate girder (Figure

4) was installed over Crown Valley Road. This eliminated a highly skewed grade crossing and

avoided raising the road several feet.

The girder bridge was salvaged from a Santa Fe overcrossing of the SP at the site of a new

bridge for the Blue Line extension to Pasadena. We had to buy it from the salvage contractor, haul it

by highway to the site, dismantle it to reverse the skew, and then set it on the abutments.

The line changes covered 4.5 miles and cost about $14.5 million, while shortening travel time

22 minutes and distance by one half mile.

Rehabilitate and Superelevate Remaining Portions of the Line

Track structure improvements between the line changes consisted of replacement of rail and

ties, and surfacing. Five miles of the heaviest curve track were relaid with concrete ties and six miles

of new CWR were installed to eliminate curvewear. corrugation, and joints. Superelevation was

increased to a maximum of four inches and spirals and speeds computed for operation at four inch



132 Bulletin 751—American Railway Engineering Association

Figure 4

unbalance. Short sections of this work were done in midday while major segments of concrete tie

replacement were done on weekends. One particular challenge was to increase superelevation in

Tunnel 18, of a 9-degree curve. We had to shift the track toward the high rail in order to keep the

clearances at the upper comers. This work cost $8.5 million; the time savings are included in the

22 minutes listed above.

Ibnnel 25 Rehabilitation

Tunnel 25 experienced a large increase of groundwater infiltration. This accelerated saturation

of the subgrade and deteriorated surface to the extent that slow orders were required. It was inspected

in detail and FEMA wrote a DSR that covered remedial work based on the premise that while it did

not experience visible damage it was an extremely critical asset to the region and the economy. The

first stage of work was a series of test bores to determine the configuration of the concrete lining, the

rock, and the old timber packing. This stage led to injecting grout into the voids behind the concrete

and installing tie-back rods along the bottom of the walls. This work was to continue to include

removal and replacement of the subgrade, however, this work extended past the time that the high-

way was out of service. With complete highway capacity restored, FEMA would not fund continued

mitigation work. Because of this, no speed increase was obtained. It is our hope that we will be able

to reconstruct the tunnel floor with a permanent floor system in the future.

In addition to our tunnel rehabilitation work, we had to protect our track and the south portal

from Caltrans demolition work. Several of the monolithic concrete highway overpasses had to be

removed by blasting. Some of these fell on the ground just over the tunnel. We held traffic and exam-

ined the shell for damage, however, none was experienced. Bridges that fell on open track were pro-

tected by blankets of earth, timber, and steel beams, however, several rails were damaged and emer-

gency repairs had to be made.
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Results

Figure 5

Installation of CTC

Our operation under DTC was not effective when counterflow trains were to meet at hand-

throw sidings. CTC was installed between Burbank and Via Princessa, Crest of Quartz, and on the

new track at Lancaster. This was an expedient installation, using existing turnouts and sidings.

Four Inch Unbalanced Elevation

In order to obtain about an additional five mph on curves, we asked the FRA for a waiver from

213.57 in order to operate with four inches of unbalance. This required testing our equipment by tilt-

:esults

Lancaster-Los Angeles
Running Time

2:52

2 Hours 25 min

1:55

1:26

0:57 -
0:28 ~~

0:00

1/21

Figure 6
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Excellent Cooperation

Public Agencies "Wtiot Permits?"
• Cities of Lancaster. Palmdale and Santa Clarlta
stations. Street Crossings, Detours

• County of Los Angeles
. Equipment, Personnel for Construction

!• U.S. Navy Construction Battalion
^ Equipment, Personnel for Construction

• GO Transit Toronto. Ontario, Canada
Passenger Train Equipment

• Local TransitAgencies
Antelope Valley Transit

Santa Clarlta Transit

Los Angeles County Metropolitan Transit Authority

City of Burbank
City of Glendale

Sfcftions, Connecting Transit Services

Figure?

ing it to measure wheel reaction. Because our equipment has air bags in the suspension the reaction

was computed both with and without the air system operative. The F'RA was very cooperative and

expeditious in granting the waiver and it has aided our speed increases.

Summary

Ridership exploded when service started, then gradually dropped off as various temporary and

permanent improvements to the freeway were completed. Figure 5 is the actual ridership history.

Caltrans included very significant bonuses for early completion of their projects, and the majority of

the routes were opened by July. After all road repairs were completed and all discount fare periods

have elapsed, we have daily ridership of about 2850, which is almost triple the pre-quake level.

Travel times were reduced, as depicted in Figure 6. We did not reach our goal due to the inabil-

ity to complete Tunnel 25.

A project like this is only possible with the cooperation of all concerned. All of our suppliers,

connecting railroads, consulting firms, contractors, and our own staff performed very arduous and

professional service for the six months after the earthquake. It was fun to build a new line of track

which we designed "on the fly." Perhaps we felt the presence of Hill, Dodge, Crocker, Ripley, Hood,

and the rest of the builders of the first transcontinental.

However, even greater thanks has to go to the political and civic leaders who supported and

sponsored this project. Their foresight and initiative in requesting the service made it all possible.

Figure 7 is a partial listing of the firms and agencies who made this possible. My personal thanks are

extended to all of them for being able to be a part of this and being able to bring this story to the

AREA.
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GROUNDBORNE NOISE AND VIBRATION MITIGATION
DESIGNS FOR WMATA'S MID-CITY E-ROUTE

By: John R. V. Dickson* and Mohammad Irshad, P.E.""*

Synopsis

In the 1970s, WMATA pioneered the use of floating slabs in the U.S. for attenuating low fre-

quency groundbome vibrations which are generated by train movements in the subway system. Some

69,000 linear feet of floating slabs, employing the First Generation Design, were installed in the cir-

cular, horseshoe and box running tunnels, and in cut-and-cover stations. In the early 1980s, the First

Generation Design was updated to further improve the performance and durability of the future float-

ing slab construction. The new design, dubbed as the Second Generation Floating Slab, made its

debut in 1983, and was the subject of an APTA presentation at the June 1983 Rapid Transit

Conference in Pittsburgh. The new design has been installed in tunnel construction performed since

1983, and all evidence indicates that the second generation floating slabs are performing exception-

ally well, both structurally and acoustically, validating the original design concept and assumptions.

In 1992, the floating slab needs of the remainder of the 103-mile system were reviewed. The

thrust of this scrutiny was aimed at the criteria that establishes whether or not floating slabs are

required at a given location in the tunnels, to protect adjacent structures and facilities. It is a well

established fact that floating slabs are indispensable when acoustical attenuation of 15 dB or more is

required. However, in view of their relatively high initial cost and maintenance needs, they should be

resorted to only when it can be demonstrated that their use is an absolute necessity. With this objec-

tive in mind, the floating slab needs of the WMATA's $362 million Mid-City E-Route construction

project were analyzed during 1993 by conducting a detailed two-phase study. The purpose of the

study was to definitively establish the extent of the floating slab construction and to also identify any

cost-competitive alternatives to the floating slab construction that might be viable due to recent

advances in groundbome noise and vibration mitigation technology. The study made extensive use

of the operating system acoustical database developed on the WMATA project over the past 1 5 years.

An important finding was that, in borderline situations, small changes in the range of 3 to 4 dB

in the groundbome noise and vibration level, were not noticeable. This finding was based on exten-

sive experience with the first generation settled floating slabs. It was observed that the 3 to 4 dB

degradation of the floating slab attenuation characteristics, caused by an increase in the spring-rate

of defective polyurethane isolators, was not perceptible at the nearby buildings. Thus, it was consid-

ered feasible to substantially reduce the floating slab requirements projected at the EIS level of the

project. Two sets of separate measurements were made in the operating system using WMATA's stan-

dard F-17 and the "Egg" type direct fixation fasteners in conjunction with Breda and Rohr car trains.

The subsequent analysis resulted in a reduction of more than 10,000 linear feet of floating slabs with-

out compromising in any way the necessary acoustical protection to adjacent properties. Thus, con-

siderable constmction and maintenance cost savings were achieved. Among other things, judicious

use of the soft "Egg" direct fixation fasteners made the elimination of floating slabs feasible.

As a possible altemative to floating slabs, the Low Vibration Track (LVT) technology was also

considered alongside the F-17 and the Egg type fasteners. LVT was found not to be a suitable alter-

nate for floating slabs, nor for the soft fasteners such as F-17 and the Egg.

The study concluded that the floating slab usage should be restricted to those few locations

which are beyond the range of available soft fastener technology. Where floating slabs must be used,

WMATA's second generation floating slab design, developed by De Leuw Gather, merits serious con-

*Project Mgr., WMATA Mid-City Routes

**Sr. Project Mgr., De Leuw Gather & Co.
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sideration. This design offers an optimal solution from the viewpoints of construction economy, tech-

nical performance, maintainability and durability. Where only moderate amounts of vibration atten-

uation are required, appropriate soft fasteners such as the Egg should be used.

Introduction

In the early 1970s, WMATA pioneered the use of floating slabs in the U.S. for attenuating

groundbome noise and vibrations caused by train operations. Some 69,000 linear feet of floating

slabs of various configurations were constructed by WMATA using the first generation design.

Floating slabs were provided in the underground system involving circular, horseshoe and box tun-

nels, as well as cut-and-cover stations. The original WMATA floating slab design was developed by

De Leuw, Gather & Company in consultation with Dr. George P. Wilson of Wilson, Ihrig and

Associates (WIA) and was based on the state-of-the-art knowledge then available.

Floating slab systems used by various transit authorities in the United States and Ganada may

be classified into two types: Continuous and Discontinuous. The old continuous system employed

cast-in-place slabs, typically 60 to 70 feet long between transverse expansion joints. The customary

precast or discontinuous system, also sometimes referred to as the double-tie system, employs a seg-

mental construction technique in which precast full-width panels, about 5 feet long, are used to form

the floating slab trackbed. To provide perimeter isolation, the discontinuous type uses mechanically

retained discrete isolation pads at approximately 5 feet on centers.

WMATA's old (first generation) design has been of a continuous type exclusively while other

transit systems, such as Toronto, Atlanta and Buffalo, and more recently, Los Angeles have made use

of the discontinuous slabs for supporting standard trackwork.

First Generation Floating Slab Design

WMATA's first generation floating slab design was of a continuous, cast-in-place type. Typical

length of slab segments was 60 feet but could be as much as 70 feet and more for Type 2 floating

slabs supporting standard trackwork. For Type 1 floating slabs, supporting special trackwork, maxi-

mum length of the monolithic panels was usually dictated by the track configuration which controls

the acceptable location of the transverse expansion joints. The original design also required that lon-

gitudinal joints be provided in the Type 1 floating slab as appropriate to limit the width to an accept-

able level to ensure overall satisfactory acoustical performance. Requirements pertaining to the pro-

vision of longitudinal and transverse expansion joints in the Type 1 floating slabs were introduced

during the earlier years of first generation design construction when it was discovered that because

of their large size (mass) some Type 1 floating slabs, under certain conditions, were prone to an

excessive increase in the ambient noise level under moving trains; however, no reduction in ground-

borne vibration attenuation capability was observed. First generation design was intended to achieve

mitigation of groundborne-vibration-induced audible rumbling noise between 25 to 150 Hz. Below

the 20 Hz frequency, no reduction was achieved; nor needed. No significant reduction below 20 Hz

occurs because of the resonance characteristics of the car-truck primary suspension system and

because the floating slab natural frequency is around 20 Hz.

On the basis of an evaluation of the data that has been gathered over the years regarding the

performance of the first generation WMATA floating slabs under revenue service conditions, it is evi-

dent that the first generation design was generally based on sound concepts and that both Types 1 and

2 floating slabs delivered the attenuations of 15 to 20 dB for which they were designed. (Figure 1)

Second Generation Floating Slab Design

Although the old design had served well, it was, nevertheless, one that could be updated to incor-

porate the latest design and construction experiences in this field and to provide a cost-effective, tech-

nically optimal vibration-attenuating system, that would be durable and lend itself to easy maintenance.
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Adverse experience with defective polyurethane isolator pads during the 1980s resulted in

excessive settlement of first generation floating slabs at some locations. This highlighted the need for

even more stringent specifications for isolator materials, and a critical need for access to inspect the

isolators and to replace them when necessary.

A detailed discussion of the second generation floating slab design is available in Reference 1,

and hence will not be repeated here, except to state that the new design represents 'semi-continuous,'

cast-in-place construction. The typical panel length for regular-track construction is 25 feet for cir-

cular tunnels as well as for box tunnels and station. Closely spaced 2'6" x r6" openings are provided

along the centerline to facilitate inspection, and to perform jacking when necessary to replace a defec-
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live isolator. In single-track tunnels, isolators are provided under the slab, directly underneath the

direct fixation fasteners. The isolator pads are 12 inches in diameter and 3 inches thick and are made

up of specially formulated, durable natural rubber. The isolator pads for special trackwork floating

slabs are 7.5 inches in diameter, steel plate bonded, and coated with hypalon and neoprene to protect

them against chemical attack. The second generation floating slab design represents a vast improve-

ment over the older system. The expectations of the improved maintainability of the second genera-

tion floating slabs have been proven to be accurate. For example, during construction of Sections E-

Ib and c, the tunnel was misaligned. As part of re-adjustment of the alignment, the floating slabs were

successfully retrofitted by jacking them nominally and isolator pads were repositioned or replaced

with relative ease. Recent acoustical measurements of the operating special trackwork segment at Mt.

Vernon Station, indicate that the second generation floating slabs are performing extremely well, as

expected.

The advantages of the second generation Type 2 design over the first generation and/or precast

design can be summarized as follows:

• Superior longitudinal stability

• Avoids possibility of resonance

• Convenient isolator maintenance and replacement

• Improved acoustical performance

• Improved tunnel drainage—system maintainability

• Competitive initial and life cycle costs

The second generation design has been successfully implemented in several segments of the

new construction and for the foreseeable future, it represents an optimal, top of the line, noise miti-

gation device on the WMATA system. The second generation design is embodied in WMATA
Directive Drawings and Standard Specifications, prepared by De Leuw, Cather & Company.

As noted earlier, WMATA floating slabs have performed very well in mitigating groundborne

noise in the frequency range between 20 to 150 Hz. It is realized that, to reduce the low frequency

feelable vibrations (below 20 Hz), other mitigation measures would be needed. These measures may

include more massive floating slabs, softer primary suspension for the trucks, etc. These mitigation

measures appear to be only at an experimental stage in the rail transit industry and would be very

expensive to implement. Heavier floating slabs have not been found to be necessary on the WMATA
system in the past, and are unlikely to be employed in the future. (Figures 2 and 3)

Earlier Soft Fastener Studies

To bridge the technical gap between the standard direct fixation fastener and the floating slab,

two extremes of the groundborne noise and vibration mitigation technology in terms of degree of

attenuation and cost, WMATA performed soft fastener studies in the mid 1980s. Between 1983 and

1986, WMATA assisted by De Leuw Cather and Wilson Ihrig, conducted several studies of the state-

of-the-art soft fasteners such as Cologne Eggs, Lord 79 and others. Tests of Cologne Eggs perfor-

mance relative to the standard direct fixation fasteners (new Hixon TW-8 fasteners), were conducted

in the tunnel section between the Archives and L'Enfant Plaza Stations on the F-Route. These field

tests indicated that the Cologne Egg fasteners performed better than the TW-8 fasteners. The Cologne

Egg fasteners provided a reduction of approximately 6 to 8 dB in the frequencies between 40 to 210

Hz. This is the frequency range where the groundborne vibration produces audible noise. Although

the Cologne Eggs were not effective in the low frequency feelable range of groundborne vibration,

laboratory tests performed on Cologne Eggs, and other fasteners, indicated that in the audible range

the Cologne Eggs, both the single and the dual stiffness versions, performed consistently better than

the other soft fasteners tested at that time. (Figures 4 and 5)



Paper by J. R. V. Dickson and M. Irshad 143

® FLOATING SLAB
25' SEGMENT

(D ACCESS OPENING
^erx3cr o 5'o:c

(3) DFF PAD (ISOLATORS.

DIRECTLY LOCATED UNDER
PADS. UNDER THE SLAB)

® PERIMETER ISOLATION PANELS

Figure 2. Second Generation Floating Slab in Circular T\innel

Field-Measurement Procedure

The vibration measurements have been conducted by using the standard procedure adopted by

WIA over the years. Usually, it consists of placing vibration transducers, accelerometers of type

Endevco-7705-10(X) or Wilcoxon Mod-417T, oriented in the vertical direction at the desired location.

The signals from the transducers are amplified by preamplifiers of type WIA- 1 1 1 and by signal con-

ditioning decade amplifiers of type WIA-222 or WIA-223. Recording of this data in FM mode

(Frequency Modulation) is made by using B&K NAGRA IV-SJ magnetic tape recorder. The recorded

data is analyzed in the lab by using GENRAD 1921 or GENRAD 1926 1/3 octave Realtime Analyzer

and DEC PDP-11/35 minicomputer. In some instances, B&K 1621 frequency analyzer and B&K
203 1 Realtime analyzer have also been used.

For measurements within the subway structure, the accelerometers are placed on the safety

walk and recordings are commenced with the train approaching the measurement site. Simultaneous

ground surface measurements, directly above the tunnels, are made by placing the accelerometers on

curbside concrete or asphalt at a set distance from the track centerline. The recordings are made con-

tinuously for a set period of time starting the tape recorder at a synchronized time. Typically, record-

ings are made simultaneously at the safety walk in the subway and on the surface. Averages of data

from several train pass-bys are used for analysis to counteract any spurious signals from an individ-

ual train.
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Figure 5. The Egg Fastener

This indicates that groundbome vibration mitigation designs employed on the WMATA sys-

tems have functioned adequately, validating both the Design Criteria and the mitigation measures.

Recent Developments

More recently, WMATA embarked on an acoustical analysis of its remaining underground sys-

tem. The purpose was to scrutinize the Design Criteria in light of the past experiences spanning some

15 years, with a view to establishing the following:
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(a) Extent of floating slab required in each remaining Route Segment of the 103 mile system

(b) Identification of any feasible alternatives to floating slabs

(c) Development of recommendations on mitigation measures, both type and extent.

The segments of the 103-mile system involved in this effort include the Outer B Route rock

tunnels, the soft ground tunnels of the Mid-City E-Route and the Outer F-Route. The Mid-City E-

Route segment on the Green Line, in the District of Columbia, best epitomizes WMATA's current

strategy for developing groundbome noise and vibration mitigation designs, and hence will be the

focus of the subsequent discussion.

Mid-City E-Route Corridor

The twin-tunnel 3-mile long Mid-City E-Route segment of the Green Line in the District of

Columbia extends from the existing U Street Station to the Fort Totten Station. This stretch includes

design Sections E-2c, E-3a, E-3b, E-4a and E-4b and consists primarily of mined earth tunnels and

the cut-and-cover Columbia Heights and Georgia Avenue Petworth Stations. Between Stations 142 +

20 and 155 -t- 35 the outbound tunnel is over the inbound tunnel (over/under alignment). The align-

ment also passes beneath the northwest portion of the Rock Creek Cemetery and turns east to meet

the Fort Totten Station on the Red Line. The depth of the top of the rail varies between 40 feet and

1 10 feet from the surface. The Mid-City E-Route design has been completed and construction con-

tracts have been awarded for four of the five sections. Based on the fast-track construction schedule,

this segment of the Green Line will become operational in late 1999.

The Mid-City E-Route will employ the two pass tunnel construction method except for under

the Rock Creek Cemetery. The two-pass method of tunnel lining will provide a 9" thick precast initial

lining and wrap-around membrane waterproofing, within which a cast-in-place concrete lining will

be poured with thickness that varies between 12" to 20". Thus, the average tunnel lining thickness in

Mid E-Route will be 25". This implies that the tunnel lining system will be more massive in this case

than the single-pass segmental type by 150%. WMATA Sections E-6c and E-8a tunnels have previ-

ously successfully employed this two-pass lining system that will be used for the Mid-City E-Route

tunnels. (Figure 6)

Tunnel construction for the Rock Creek Cemetery portion of the alignment will be accom-

plished by the New Austrian Tunneling Method (NATM). It is again a double-lining system consist-

ing of an initial lining of 8" thick shotcrete, a waterproofing membrane, and a cast-in-place final lin-

ing of 12" thickness. Thus, the average thickness of NATM tunnel lining system is 20". One point to

note about the Rock Creek Cemetery tunnel is that since the EIS completion, the profile was revised.

The new profile is an average of 8 to 10 feet lower than the original profile increasing the depth of

top of rail. The thicker lining system, in combination with lower profile, created a more favorable

condition from the viewpoint of mitigating groundbome vibration. (Figure 7)

Phase 1 Study

During the EIS study and subsequently during early design stage, 11,005 track feet of floating

slabs for the Mid-City E-Route corridor were envisioned. These recommendations were based on the

typically conservative assumption of predicted groundbome noise and vibration levels at the adjacent

properties.

The initial investigation of the Mid-City E-Route by De Leuw Gather revealed that the previ-

ously estimated extent of floating slab constmction could be vastly reduced without compromising

the level of protection mandated by WMATA criteria for adjacent buildings and their occupants. The

study concluded, on the basis of actual performance of the operating system in mitigating the low fre-

quency groundbome vibration, that of the 11,005 track feet of floating slab originally envisioned,

6,470 track feet could be eliminated without adverse impact to adjacent properties. The report rec-
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ommended that the Egg type fasteners be used in lieu of floating slabs in all borderline situations

where only a moderate degree of protection, in the range of 3 to 4 dB, was needed. (Figure 8)

Further evaluation of the groundbome noise and vibration environment in the operating system

was launched to identify any feasible alternatives to floating slabs. Among other actions, an inde-

pendent consultant, Mr. Heiner Moehren was engaged to investigate Low Vibration Traci< (LVT) as

an alternative to floating slabs in Mid-City E-Route corridor. Additionally, De Leuw Gather, in con-

junction with its acoustical subconsultant, Wilson, Ihrig, conducted groundbome vibration measure-

ments at selected locations in the operating system. These locations included First Generation

Floating Slabs, Second Generation Floating Slabs, and the new WMATA standard Trackwork 10

(TW-10) fastener known as F-17. These measurements were conducted in order to ascertain the rel-

ative performance of the various vibration mitigation devices used in the WMATA system. (Figure 9)
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These measurements and their analysis, and the past work provided an interesting insight into

the noise and vibration phenomenon as it prevails in WMATA's underground system. The Phase 1

investigation, and the earlier efforts have resulted in several significant findings:

• The first generation unsettled, cast-in-place continuous floating slabs installed in the early

stages in the WMATA system, were performing as expected in mitigating the groundborne

noise.



Paper by J. R. V. Dickson and M. Irshad 149

'iype-2 Floating Slab Isolator Undergoing Fatigue Test:

2 Million 1,000 lb to 8,000 lb Load Cycles at 3 Hz

Comparison of Tested and Untested Isolator Samples Reveals No Fatigue Damage

Figure 8. Floating Slab Isolator Testing
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• The second generation floating slabs, which were designed to ensure durability and easy

maintainability, are performing exceptionally well, both acoustically and structurally, fully

validating the original design concept and assumptions.

• Tests conducted on the Cologne Eggs in the underground system in the past have indicated

that these fasteners provided 4 to 8 dB attenuation in the groundborne noise in the frequency

range of 40 to 200 Hz.

• LVT would provide minimal reduction in the groundborne noise. It is comparable to

WMATA's older, stiffer type of direct fixation fasteners. Consequently, there was no justifi-

cation to incorporate a new system of track construction based on the LVT configuration,

which is totally different from the customary WMATA track construction.

• WMATA's F-17 fasteners, which are softer than previous fasteners, in combination with

Breda cars, provided excellent groundborne vibration mitigation in the feelable range below

20 Hz. These F- 1 7 soft fasteners also seem to be comparable with the Cologne Eggs in pro-

viding reduction in the groundborne noise in the frequency range above 40Hz. However, fur-

ther analysis of the F- 1 7 performance was required in order to more completely compare it

with the Egg type fastener.

• Soft fasteners, such as the F- 1 7 and Cologne Eggs in combination with Breda cars, can in the

majority of the cases provide the necessary mitigation in the Mid-City E-Route. This implied

that based on the findings of the Phase 1 study, additional reductions in the floating slab

requirements were feasible.

Phase 2 Study: The Egg and F-17 Fastener Testing

The Phase 1 study indicated that a majority of floating slabs in the Mid-City E-Route could be

replaced with the Egg fasteners. The purpose of the Phase 2 Study was to conclusively verify this

A Typical Set of Vibration Measuring Equipment

Figure 9. Vibration Measuring Equipment
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finding by a side-by-side insitu testing of F-17 and the Egg fasteners under the revenue operation

conditions. Specifically, the Phase 2 Study was aimed at verifying the following conclusion of the

Phase 1 effort:

• WMATA F-17 fasteners, which are softer than previous fasteners, in combination with Breda

cars, provide excellent groundbome vibration mitigation in the feelable range below 20 Hz.

• These F-17 fasteners are also comparable to the Egg fasteners in providing reduction in the

groundborne noise in the frequency range above 40 Hz.

• Soft fasteners, such as the F-17 and the Egg, in combination with Breda cars, can in the

majority of the cases, provide the necessary mitigation in the Mid-City E-Route.

Another reason for the Phase 2 Testing Program was to include the Rohr cars in the study. Rohr

car trains are not routinely operated on all WMATA routes and the sites most suitable for the Phase

1 Study were not exposed to the Rohr car traffic.

Testing Environment

The field measurements were performed August 1993, in general conformance to the typical

testing procedures described above.

A test site was selected between the Waterfront and Navy Yard Station on the Green Line. This

segment of the operating system is equipped with F-17 direct fixation fasteners. The F-17 fasteners

were removed along a 450 foot stretch of the inbound track and replaced with Egg fasteners. This

facilitated testing of the two fastener system adjacent to each other, on the same track, under exactly

the same revenue condition. Two, two and four car Breda trains, and one Rohr train operated back

and forth during the testing period. Simultaneous measurements were conducted at the ground sur-

face, directly above the inbound tunnel test cross sections.

The F-17 fastener used for the testing is the current WMATA standard fastener. In terms of ver-

tical static stiffness, which is in the range of 90,000 to 100,000 pounds per inch, these fasteners are

considerably softer than the older WMATA fasteners in the operating system. The F-17 fasteners are

also laterally softer to spread lateral train loads between a number of fasteners and use a spring clip

to hold the rail. These fasteners are being presently used in the operating portion of the lower F-

Route.

The Egg type fasteners have been supplied in the past by the Clouth Company based in

Germany. The Clouth fastener has been marketed in the U.S. under the trade name of Cologne Egg.

The Cologne Eggs were used in earlier tests in the WMATA system. The Cologne Egg type fastener

is now also manufactured in the USA to WMATA specifications, and to distinguish it from the orig-

inal fastener, is only referred to as the Egg type fastener. Its vertical static spring rate is comparable

to F-17.

Though subjected to vigorous lab testing, the U.S. made Eggs had thus far not been used in

WMATA's operating system. These "Eggs" were therefore included in the Phase 2 testing program.

The simultaneous tunnel and ground surface measurements at each location were conducted

using a NAGRA SJ IV tape recorder, WIA 1 1 1 Preamplifiers, WIA 222 FM Modulator and Vibration

Transducers. (Figure 10)

Test Results Summary

The Phase 2 testing program confirmed the findings of the Phase 1 study. Specifically, the attenu-

ating characteristics of the F-17 and the Egg direct fixation fasteners were verified and it was demon-

strated that it is indeed feasible to replace floating slabs with the Egg fasteners.

Further details of the findings of the Phase 2 program are included in the following section.
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(a) General View of the Testing Setup

(b) Closeup of the Egg Fastener Assembly

Figure 10. The Egg Direct Fixation Fastener Testing
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Performance of Vibration Mitigation Devices

The Phase 1 and Phase 2 testing programs, described earher, provided a meaningful insight into

the performance of various vibration mitigation devices.

Plots of the 1/3 octave band RMS vibration velocity levels against the octave band center fre-

quency are shown in Figures 1 and 2. An analysis of the data as presented in the figures indicate two

distinct findings:

• Figure 1 , related to Phase 1 testing, compares the vibration levels as measured at the tunnel

safety walk at several locations. These locations included:

Location 1: Settled Floating Slabs in Circular Concrete Tunnel (Capitol South Station)

Location 2: First Generation Floating Slab in Circular Steel Tunnel (Potomac Avenue

Station)

Location 3: Second Generation Floating Slab at Crossover in Double-Box Tunnel (Navy Yard

Station)

Location 4: F-17 (TW-12) Fastener Track in Circular Concrete Tunnel (Waterfront Station)

Location 5: Second Generation Roating Slab at Crossover in Double-Box Tunnel (Mt.

Vernon Station)

The chart shows that the floating slabs, both first generation and second generation, performed

well in reducing the groundbome noise. Specifically, the slabs attenuated 2 to 15 dB in the frequency

range of 3 1 .5 to 63 Hz, and 1 5 to 20 dB in the frequency range of 65 to 250 Hz.

• As expected, the settled first generation floating slabs, exhibited a degradation of their atten-

uating characteristics.

• The F-17, which is WMATA's current standard fastener, performed quite well in reducing the

feelable vibrations. Between the feelable range of 10 and 30 Hz, they provided better miti-

gation than the first or second generation floating slabs (Fig. 2). However, between 80 Hz and

300 Hz these fasteners provided only up to 5 dB reduction; in the audible range.

• The Egg fastener provided attenuation of 5 to 8 dB over the standard resilient fastener. The

Phase 2 testing demonstrated that it is more effective than the F-17 fasteners in the audible

range of 30 to 1 25 Hz. A comparison of the F- 1 7 and the Egg fasteners, in terms of the vibra-

tion levels measured at the ground surface directly above the tunnel, is provided in Figure 2.

A summary of the performance of the floating slabs, the Egg and the F-17 fasteners, in terms

of their groundbome noise and vibration mitigation characteristics, is provided in Table 1.

Conclusions

The following conclusions are drawn from the two-phase study:

• Floating slabs remain indispensable when a high level of attenuation, in the range of 15 to 20

dB, is required.

• The second generation floating slab is an optimal device for mitigating groundbome vibra-

tion. It fully incorporates the requirements of economy, maintainability, durability and per-

formance.

• Extensive experience with the performance of the settled floating slabs, with reduced attenu-

ating capability, indicates that a 3 to 4 dB increase in the vibration level is imperceptible due

to the factor of safety inherent in the WMATA criteria. Consequently, in the borderline case,

rather than using floating slab, appropriate soft direct fixation fasteners such as the Egg

should be used.
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Table 1. Performance of Groundborne Vibration Mitigation Devices

Device
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COMPUTER GRAPHICS SYSTEMS AS
RAIL ENGINEERING DESIGN TOOLS

By: Michael J. Mclnnis*

Introduction

Computer Aided Design and Drafting (CADD) systems have rapidly evolved from compara-

tively simple 2D drafting tools to become far more than just a drawing medium. Current CADD sys-

tems are the work environment of choice for today's designers, a world of virtual engineering in

which data is stored, analyzed, evaluated and displayed from project conception to punch list.

Utilizing the internal programming languages now built into today's CADD software, the engi-

neer can take full advantage of the mathematical data base which forms the basis of a CADD draw-

ing.

The alignment data for a fixed guideway transit system is particularly well suited to analysis

within the CADD environment. Applications software can be developed and customized to model a

proposed route design and present the engineer with an on-screen rendering of the alignment, the

vehicle's movements through the alignment and the spatial relationships between the vehicle and

wayside objects. This capability allows the engineer to make an immediate assessment of the design

adequacy, on both a visual and quantitative basis. These CADD based graphical solutions are the

modem equivalent of the models, nomographs, and vehicle cutouts used by earlier generations of

engineers.

In the course of its work as design engineering consultants to the transit and rail transportation

industries, Thomas K. Dyer, Inc. has developed several in-house CADD based programs of this genre.

The programs described in this paper have been utilized in the evaluation of clearances between vehi-

cles on adjacent tracks, vehicle/wayside obstruction clearances, platform/vehicle relationships, and

signal preview distances to name a few applications.

The CADD Evolution

Today's engineering/design firms utilize the full complement of computer facilities. This

includes computer programs such as: Word Processing used for letters, reports and specifications;

Spread Sheets for budgets, reporting, MIS and billing; Data Bases for employee profiles, client infor-

mation and CADD for designing and drafting.

The typical evolution of the use of CADD in most engineering offices has been from a pure

drafting tool upon its first introduction to a novice operator, to a design tool as the operators and engi-

neers become more intimately familiar with the internal workings and ultimate capabilities of these

powerful tools.

Generally speaking CADD systems are available on Main Frame or Personal Computer plat-

forms. The use of Multiple CADD systems by a design office is quite often a result of client prefer-

ence rather than the software's capability. However, the relative ease and accessibility of PC based

CADD systems has accelerated the introduction, familiarization and, ultimately, attainment of the full

potential of these systems.

Engineer's have learned that, in utilizing the internal programming language in today's off the

shelf CADD programs, full advantage can be taken of the mathematical data base which forms the

basis of a CADD drawing.

As an example, it became intuitively obvious that, after drawing the alignment for a fixed

*Sr. Engineer. Track & Civil, Thomas K. Dyer, Inc.
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guideway transit system, the data base which these drawings represented, could be utilized to create

many alternatives quickly and accurately which could then be studied during the conceptual stage of

a project. This means that more engineering could be performed during the early stage of a project

that would help determine the best alignment based on any set of design parameters, such as cost,

environment, system performance, or aesthetics, etc.

The provision of good survey and mapping early in any civil project is important to establish-

ing the data base that will be used for alignment analysis.

HAD First

One of the first in-house CADD based programs developed by Dyer was called HAD or

Horizontal Alignment Design. This program's roots actually precede the use of CADD. It was devel-

oped to assist engineers with the coordinate geometry involved in alignment design for railroad and

transit track. The program can be used to establish totally new alignments, but it is most useful when

designing "best fit" alignments to match survey points along an existing track. In fact, it is the elec-

tronic computer equivalent of the now archaic roll ordinator and simulator used by railroad track

maintenance engineers to smooth curves on existing alignments. This smoothing is the optimization

of throws to be made by a track crew to obtain the best alignment without having to totally remove

the track and rebuild from scratch. One advancement with HAD is that not only does the program

determine throws, but the actual coordinate geometry of the centerline of track can be compiled for

use by a survey crew to create the new alignment in the field.

HAD represents an updating, expansion and unification of several track design programs writ-

ten by Dyer in the early 1980s. These programs were written in PL/1 and Fortran. The new version is

written in C programming language, a faster and more familiar language to contemporaries. One major

feature of this program is the ability to use arc definition with Bamett spirals or chord definition with

10 chord spirals. Perhaps the most powerful use of this program is its ability to find the "exact" solu-

tion to iterative problems. For example, it can be utilized in finding the spiral length necessary to fit a

given offset "0", when fitting a spiral between a curve and a tangent or between two curves. These iter-

ative procedures are tedious to do by hand, but the computer makes short work of them.

The next logical step for Dyer was to operate HAD within a CADD environment with the inter-

nal programming available in AutoCAD. This was possible by creating LISP subroutines and incor-

porating them into an executable program. A LISP subroutine is a set of instructions to perform a spe-

cific task. In essence, the output files from HAD are utilized in a CADD drawing to plot track

alignment and alignment geometry data.

At Dyer we have expanded the geometric capabilities of our CADD programs to include verti-

cal alignment and topographical routines that include cross sections and earthwork quantities.

Riverside Yard

An example of how a computer graphic system is being used to full advantage is Riverside

Yard, in Newton, Massachusetts. Riverside Yard is a major light rail maintenance and vehicle stor-

age yard on the MBTA's Green Line. The facility serves as the primary heavy maintenance facility

for the line's 214 articulated trolleys. Dyer is the prime engineering consultant for a major yard

improvements program at Riverside Yard which is currently under construction.

Survey base mapping compiled on electronic media was imported into AutoCAD. This base

mapping was used by all the subconsultants for laying out their specific work. Numerous proposed

alignments were determined using the HAD program and reviewed with the client to develop the best

layout. Finally, using layouts, details, and an animator software program in conjunction with

AutoCAD, presentations were made to the client and other interested parties that helped to demon-

strate how trains will operate within the proposed yard.
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HAD program is also combined with the actual articulated vehicle shapes to check for clear-

ances on sharp radius curves, through the special trackwork, in the station platform and other critical

areas where side clearances are affected by the significant end overhang and mid chord point of the

trolleys.

What has proven to be a very useful application of the CADD data base was the creation of con-

struction staging drawings. Very specific construction staging would be necessary to maintain an

active combination maintenance, station and commuter parking facility, while constructing the new

facilities. The work elements were drawn by discipline on separate layers within the drawing.

Separating the work elements by layers allowed a careful examination of the work to assure there

would be no or minimal conflicts.

Another graphic design solution utilized on this project was the 3-D modeling of the wheel/rail

interface. The new trackwork being installed at Riverside Yard included unguarded, singly guarded

and doubly guarded track, with curve radii as low as 75 feet. Two different girder rail sections are

being used on the project; 149 RE Bethlehem and GGR 118. The latter section is manufactured in

Europe and is being used by the MBTA at Riverside for the first time. (Figures 1 and 2)

Dyers design effort included extensive analysis on the wheel navigation for each of the Green

Line's two vehicle types through all of the trackwork configurations and radii used on the project.

Generally, the project trackwork was designed to comply with American Transit Engineering

Association (ATEA) standards developed in 1938. However, Dyer and the MBTA recognized that the

use of a new rail section on the system and the tight radii involved, warranted a contemporary, start-

of-the-art analysis of flangeways, gauge and guard check gauge parameters.

Using three dimensional CADD programs. Dyer modeled the 26" diameter narrow tread wheels

and truck wheel arrangements for each of the two types of Green Line vehicles. Gauge and guard

check lines were drawn for critical track layouts, with the flangeways and gauges selected using the

ATEA standards as an initial trial. The wheel arrangements were then superimposed on the track lay-

outs. Finally, the CADD program was asked to cut a horizontal section by eliminating that portion of

the wheels above the top of rail elevation. The resulting drawing, viewed in plan, depicted the gauge

and guard check lines and that portion of the wheels below the top of rail. Flangeways and gauging

were then adjusted to provide proper flangeway widths and guard check parameters.

These plans allowed immediate and accurate visual confirmation of the flangeway and gauge

parameters for the project. Dimensions can be measured and verified faster and more accurately on

the CADD system than with other, more traditional design methods.

Pasadena Blueline

Another project which Dyer is currently involved in is the Metro Pasadena Blueline project.

This project is a new light rail transit line extending from the Los Angeles Union Pacific Terminal to

Pasadena, a distance of approximately 13 miles. Dyer is assisting HNTB on the 3/4 mile segment

from Delmar Boulevard, near the former Amtrak station site, to Memorial Park station. Dyer's pri-

mary role in this project is to set the two track and special trackwork alignments. It became obvious

from the start that attention would have to be paid to clearances, due to the tight nature of the selected

corridor for this portion of the project. The alignment follows the former AT & SF railroad right-of-

way through the very tight and densely populated commercial district of downtown Pasadena. The

alignment transitions to a below grade configuration just north of Delmar station and continues for

approximately 2,400' to Memorial Park station. The right-of-way is typically 30' wide in this area.

Dyer reviewed the design criteria requirements including the design vehicles, clearance, main-

tenance and construction tolerances. DYER developed a clearance model, together with the pre-

liminary layouts for the station, pocket track, special trackwork, safety walkways, wet stand pipe

system and other appurtenances that are necessary within the tunnel. Clearance animation routines
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Figure 2.

Figures 1 and 2 demonstrate a single articulated light rail vehicle and two light rail vehicles

respectively as they traverse the sharp radius curves and special trackwork in a proposed

Riverside Yard layout.
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were developed for the Pasadena articulated car including dynamic outline, body roll and super-

elevation.

An iterative procedure was followed where a combination of proposed optimum alignments,

vehicle clearances and tunnel appurtenances were analyzed to determine cross section and track cen-

ters at specific locations. Once a preferred alignment had been developed and reviewed with the

Engineering Management Consultant, a new check was performed. Using AutoCAD, a plan view of

the design vehicle was developed which would travel along the proposed alignment and would dis-

play the end overhang and mid-ordinate created by articulated vehicle representation as it traveled

along a curve. The vehicle travel progression iteration can be set to any increment. The finer the

increment the more defined the vehicle dynamic outline and resulting clearances can be determined

and plotted. (Figures 3 and 4)

The AutoLISP routines developed to run this CADD program not only accounted for mid and

end overhang but also accounted for superelevation, car roll, fishplay and side play more commonly

called vehicle dynamic envelope.

This program serves the purpose of not only being able to determine required track centers and

wall offsets but also to place equipment and safety areas within the tunnel such that they will not be

impacted by the vehicle as it travels along the alignment while experiencing the worse case condi-

tion of it's suspension.

Signal Preview

An application of CADD's 3-D modeling capabilities for Rail Engineering became apparent

when a signal preview problem arose on a commuter rail portion of the Boston Central Artery project.

Boston's massive Central Artery/Tunnel (CA/T) project requires both temporary and permanent

relocation of track and signal installations near Boston's South Station. As prime design consultant

for the MBTA, Dyer is designing a complex, multi-phased construction scheme which will maintain

all existing and proposed rail service into South Station while allowing construction of highway

structures both above and below the rail corridor.

New highway structures that will be constructed to the west of South station required the

removal of existing west-bound wayside signals protecting "Cove" interlocking. A new portal frame

signal bridge, similar to the existing east-bound signal bridge, will replace the existing signals. The

effect that CA/T highway structures would have on preview distance, the distance at which the train

crew has an unobstructed view of the signal, was an important issue for both the existing and pro-

posed signal bridges.

To evaluate the effect of the new structures, Dyer engineers first computed required preview

distances based upon train operating speeds, train consists, braking capabilities and track geometry.

Three dimensional computer modeling of the area then was used to determine available preview dis-

tances.

The model of the site was created using the horizontal and vertical track alignment, proposed

bridge pier and abutment data, preliminary plans of the interchange, longitudinal elevations of the

highway structures, and roadway alignment profiles.

Three dimensional models of both the proposed and existing signal bridges were inserted into

the computer model of the site. A travel path was inserted at the approximate position of the eye of

the engineer, and slide files (screen capture images) were produced at 25 foot intervals along each

travel path, with the line of sight directed towards the specific signal for that track. Production of the

slide files was automated using customized Dyer software. The slides were then loaded into anima-

tion software to simulate the motion of the train. (Figures 5 and 6)
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END OVERKANG

Figure 3. Shows a travel routine setup for the Pasadena Design Vehicle as it negotiates 82'

radius curves as 12' increments.

VEHICLE DYNAMIC OUTLINE

MUM "^PiCK SPACING CTArjGENT - *,' STATJCP I PE3

Figure 4. Is a prototypical cross section of the Pasadena vehicle in a tunel with a center walk-

way showing safety zones and a wet standpipe system.
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Figure 5.

Figure 6.

Figures 5 and 6. Are screen capture images from an animation program showing the engi-

neer's eye view from the control cab of a commuter train in a congested environment.
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The signal bridge animations provided an accurate, immediately recognizable analysis of the

proposed structures and their relative spatial relationships. The study demonstrated that adequate pre-

view distances would exist for the proposed new signal bridge with minor modifications. More exten-

sive modifications were required for the existing eastbound bridge. The success of this analysis will

lead to other potential applications of this technique.

Conclusion

It can be seen from these few examples that computer graphic systems as rail engineering

design tools have only begun to demonstrate their capabilities. The more these systems are used and

as engineers become more and more familiar with their workings, complex designs will become more

manageable. PC systems and PC based CADD systems are continuing to spiral down in cost and up

in power. The technology is already available to millions of users while an ongoing trend is predicted

to continue that each year power will double while cost is halved.

URVE
CONQUEROR
Rocia prestressed concrete ties conquer the curves. They
provide a stiffer track modulus, improved lateral stability

and gauge control, Increased rail life, greater locomotive

fuel economy, and significantly lower maintenance costs.

Two North American manufacturing plants to serve you.

Unsurpassed quality and durability. Go with the leader in

North American prestressed concrete ties. Call:uaii: ^^

Concrete Tie, inc.

**.''./'"*M*\'

laiL . ;'.M'J"H.^

701 West 48th Avenue • Denver, Colorado 80216
(303) 296-3500 • Fax (303) 297-2255

268 East Scotland Drive • Bear, Delaware 19701

(302) 836-5304 • Fax (302) 836-5458



CONTRACT

THERMr WEUnHG

QUALITY.

PRODUCTION

Orgo-Themiit Welding Crews
have elevated the Thermit weld to

new levels of dependability and

Cerformance. These skillea welders

ring a wealth of knowledge and

pride of workmanship to every job.

When your crews need help you'll

find Orgo-Thermit GDntract bervice is

the answer.

We're the great bench behind

your great welding team

ORGO-THERMIT INC.
RAIL SERVICES GROUP
3500 Colonial Drive • Lakehurst, NJ 08733 • 908/657-5781 • FAX 908/657-5899

Orgo-ThermIt High

Production Capability

is tfie answer to short track occupancy

time and tightwork scfiedules. These

crews have the practiced know-how

to make more welds per day and
more use of the advanced tools and

products now offered by OrgoThermit.



ONfW PROWL
lOMGREASEPRODOCnVITY
The Plasser Continuous Action Tamper 09-16 C.A.T. clears the

way for better working comfort at lower costs. It's innovative design

can produce a 30% increase in production while reducing stresses

on both operator and machine. With the machine's working units

positioned on a separate subframe and indexed from tie to tie

during the work cycle, a new
level ofworking comfort is now
available for track maintenance

crews. Compared to conventional

tamping machines, only 20% of

the total mass of the Plasser 09-16

C.A.T. is accelerated and braked

during the work cycle. The main

frame of the machine moves

forward smoothly and continu-

ously The machine is subject to much less strain and wear. Track

time can be much more effectively utilized.

For improved cost savings and comfort, rely on the Continuous

Action Tamper 09-16 C.A.T, exclusively from Plasser

Call or write today for specifications and frill details.

Lifting, lining and tamping units are mounted on a

separately moving satellite frame.

PLASSER AMERICAN CORPORATION
2001 Myers Road, P.O. Box 5464

ChesapeakeM 23324-0464, U.S.A.

(804)543-3526

PLASSER CANADA INC.

2705 Marcel Street

Montreal, Quebec H4RIA6, Canada

(514)336-3274

^.-: \^im^^ . A-y



CONSTRUCTION OF TRI-MET'S WESTSIDE
LIGHT RAIL PROJECT

By: Ken Kirse*

Introduction

Five years ago I had the privilege of being part of an AREA Transit Session presentation on Tri-

Met and the plans for a 12 mile light rail westward extension. Tri-Met was in the Preliminary

Engineering phase of the project and I used some slides of computer simulations to show what the

completed light rail construction would look like. I said then that I hoped to be able to come back in

a few years with some construction slides of the project. At that time I had been at Tri-Met less than

2 years, I knew the project would have to walk through a mine field to become reality, and that my

job would be in jeopardy if the project stalled. But it didn't stall:

— In the fall of 1990 a local 1 15 million dollar bond measure passed by a 73% margin.

— In 1991 the Final Environmental Impact Statement was approved.

— In 1992 a Funding Agreement was signed with the Federal Transit Administration to pro-

vide 75% funding for the 12 mile base project.

— Construction contracts were let in 1993.

— Last year Tri-Met received FTA approval to extend the project another 6 miles for a total 18

mile, 944 million dollar project.

I still have a job at Tri-Met. the future looks bright, and today I have some pictures showing the

construction activity on Portland's Westside Project

General Description

Tri-Met currently operates a very successful 15 mile light rail line that runs from downtown

Portland east to the suburb of Gresham. The Westside Project begins at the current downtown turn-

around for the eastside line and will extend 1 8 miles west to the city of Hillsboro. When the westside

line opens, trains will run from one end to the other instead of turning in downtown Portland.

Focusing on the initial 12 mile westside base project currently under construction, the first mile

will be embedded track running in the streets, the next three miles are in a tunnel, the following three

miles follow the highway shoulder in state highway department R/W. then a two mile section through

private r/w in the suburb of Beaverton before reaching abandoned BNRR r/w. for the last 3 miles.

The project schedule calls for opening the first 12 miles in the Fall of '97 and to Hillsboro, an addi-

tional 6 miles, a year later.

Light Rail Vehicle Contract

There are 25 major construction and procurement contracts. The first, for the procurement of

46 partial low-fioor light rail vehicles, was awarded to Siemens Duewag in 1993. The cost per vehi-

cle is about 2 million dollars per car. Portland will be the first U.S. city to use low-floor LRV's.

Tri-Met currently has a fleet of 26 Bombardier vehicles. The Bombardier vehicle has 76 pas-

senger seats, and has 3 steps inside each door to get to floor height of 3 feet above T/R. Tri-Met uses

wayside lifts for wheelchair boardings. There is a lift on every platform that is raised and lowered by

the train operator. The procedure of making a boarding with the wayside lift adds between 1 and 2

minutes with a similar delay for deboarding. Schedules become difficult to maintain when several

passengers use the lifts on a single run.

•Civil Engineer. Tn-Met
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The new low-floor vehicle has 72 passenger seats with room for 4 wheelchairs to comply with

ADA. The low-floor section, which is 14" above T/R, includes 70% of the car. At each end, the cars

have high floors accessed be steps inside the vehicle so that standard motor trucks can be used.

With the low-floor vehicles, wheelchairs and others with limited mobility will be able to access

the car directly from the curb level platform. There will be a short bridge plate on the low-floor car

that will be extended by the operator for passengers with wheelchairs or strollers or mobility limited.

Platform height is currently 8" above top of rail, we will retrofit all existing platforms and construct

new platforms 10" above top of rail. Tri-Met is limited to 2 car trains about 185 feet long because of

the 200 foot long blocks in downtown Portland. When the low-floor LRV's arrive, all trains must

include a low-floor car, and all single car trains must be low-floor. The wayside lifts will be removed.

We expect enormous benefits from the new cars because the time consuming lifts will not be needed.

And most importantly, passengers that have trouble with steps and those in wheelchairs will be able

to get on and off the train without assistance. We expect delivery of the first car this fall.

The T\innel

The next contract awarded was for the construction of the 3 mile tunnel. This contract was

awarded to Frontier-Traylor of Evansville, Indiana in July 1993 for 104 million dollars. It includes

construction of 3 miles of twin bore 21 feet diameter tunnel with cross passages every 750 feet. There

is one vent shaft and the cavern for a 260 feet deep station with two shafts that are also part of the

contract. The specifications called for the western third to be drilled and blasted and the eastern

2 miles to be mined with a tunnel boring machine (TBM).

The contractor began work at the west portal in August 1993 and to date has progressed approx-

imately 3,400 feet at a rate of approximately 50 feet per week in both EB & WB tunnels. At the west

end, the portal is in Highway Department R/W but the tunnel immediately passes about 100 feet deep

beneath a cemetery. The cemetery gave us schedules of burial services so that blasts could be sched-

uled to not cause a disturbance during the services. Also, relatives of 1 3 buried persons objected to

having a tunnel under the grave of their buried relative. Tri-Met paid for relocation to another site in

the cemetery away from the tunnel.

The TBM was manufactured by CTS (Construction & Tunneling Services) of Kent, Washing-

ton. The $5 million machine was assembled at the east portal in June 1994. Tri-Met held an open

house inviting the public to view the TBM before it was moved into the starter tunnel to begin work.

It was a very popular event with a huge turnout. The TBM began working in September 1 994, but

instead of cutting through the fractured basalt, the TBM was ripping it loose along the fracture lines

in watermelon size chunks. The contractor described the situation as "like trying to drill a hole

through a bag of marbles." The raveling basalt created large voids in the roof line with every couple

feet of advancement causing the TBM to loose its grip. The voids were pumped full of light weight

concrete and then the machine restarted only to have the same thing happen again.

The bore logs were reviewed and additional boring done to verify that this highly fractured con-

dition existed for about 1000 feet. Simply stated, the engineers had misjudged how the TBM would

perform in this material. The contractor gets paid by the foot of tunnel he makes—so he was unhappy.

Morale went down at Tri-Met as the TBM tunnel production fell behind schedule and added cost to

the project. This problem is estimated to add 25 million dollars to the project. The Project Director

called a meeting of the project staff where we looked at the remarkable progress we had made on some

difficult problems. He told us that the next-to-impossible tasks would just take a little longer. At that

time the TBM operations had been suspended for about 2 months while we were looking for possible

solutions. Experienced tunnelers were called in for advice and new ideas were explored. In December

1994 the cutter head was modified so that it's direction could be reversed. They tried pumping water

in front of the head—that didn't seem to help. Also, different types of quick set grouts were used to

fill the voids.
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Construction Activity on The Westside Project
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In January 1995, using cellular concrete/sodium silicate grout which sets in about 30 seconds,

tunnelers were able to make about 15 feet a day on a regular basis. The decision was made to con-

tinue using the quick set grout and plow ahead to the more competent basalt. We still expect to aver-

age about 70 feet a day once we get beyond the 1000 foot point and get into more competent basalt.

Our contract allowed the option of direct fixation track or LVT (Low Vibration Track) track. The

contractor chose LVT type that consists of independent dual concrete blocks. The blocks are fitted on the

bottom and sides with a rubber boot and then encased in a second pour of concrete. St. Louis LRT cur-

rently uses this design in their tunnel and DART in Dallas will also have the same track in their tunnel.

Washington Park Station

There will be a separate contract let this year for the finishing and headhouses for the under-

ground Washington Park Station. This station will serve the Washington Park Zoo and the World

Forestry Center. Four high speed elevators will each be able to carry 39 people comfortably from the

platform to the surface 260 feet above in less than 40 seconds. This will be the deepest transit station

in North America.

The Embedded Track Contract in Downtown Portland

The contract for the 1 mile of embedded track in and near downtown Portland went to Kajima

Engineering & Construction, a Japanese Co. with offices in California. This 29 million dollar con-

tract includes rebuilding streets, sidewalks and all utilities up to the building face. There is a tremen-

dous amount of utility work. A 100 year old 72" brick sewer with an arched roof was lined with a 54"

PVC pipe. A 12" pipe was pulled through a 9" pipe using a new pipe bursting technique.

We also have a new embedded track design. The existing system uses Ri59 girder rail in a

trough of RSE (Rail Support Elastomer) and held to gauge with tie bars on 10 feet spacing. This sys-

tem has held up well, however, our maintenance department asked us to investigate designs that

allowed easier access to the rail to make repairs. The new design will look almost identical to the old,

but under the surface it is completely different. The embedded track design includes DF fasteners

with a protective cap designed to support highway loads over the Pandrol clips. An extruded rubber

strip fits along both sides of the rail, and then belgian block pavers are laid up to the extruded strips.

We will not have traffic on the tracks except at road intersections where cast-in-place concrete slabs

replace the belgian blocks. The entire track rests on a 10" track slab that is lined with a electrical iso-

lation liner. Even with electrically insulated DF fasteners and rubber strips along the sides of the rail,

the system's engineers insisted on the liner. We do not expect a water tight system and a drain trough

is provided under each rail. The benefits of the new design are it's slightly lower construction cost

and most importantly that it can be more easily maintained.

The rail is Ri59/13 girder rail. The head and gauge comer closely match 1 15 RE with a 1 :40 cant

which is used on all open track. During the design phase we debated whether or not to use girder rail

in the embedded track. The maintenance people prefer 1 15 RE but it was felt that the girder rail offered

some extra safety for running in the street by the additional guarding of the girder lip. It also provides

a clean flangeway edge. I found another feature of the girder rail is that it is made only in Europe. I

was able to go on an inspection trip to the Voest Alpine rail mill in Donawitz, Austria and the VAE
trackwork plant in Zeltweg, Austria where our girder rail turnouts were made. Had a wonderful trip.

LRT Along the Highway Shoulder

Moving westward from the tunnel, we have 3 miles of LRT that follows Highway 26 and then

Highway 217 in Highway Department RAV. The Oregon DOT is administering 2 contracts for the

civil work in this segment. Oregon DOT also did much of the design work including the LRT struc-

tures. These contracts also included highway improvements—an additional lane of traffic is being

added and interchange improvements made. These two contracts went to Oregon Contractors and

include $24 million of LRT work.
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There will be a Transit Center in the highway segment with a 600 space 3 level parking struc-

ture and 1 3 bus bays. Because the design was difficult to visualize at the Transit center, the architects

made a model. There is a 437 foot long 3 span post tensioned box girder bridge with DF track over

Highway 217, then the alignment dips under the loop ramps on a 6% grade before entering the open

air station that is about 20 feet below grade. Trains will leave the station turning 180 degrees through

a 200 foot radius cut and cover box on DF track with restraining rail and 5" of superelevation.

We have a large number of retaining walls along the highway segment. Because of the r/w lim-

itations, most cut walls are soil nail type with a board form panel facing that is used throughout the

project including sound walls. There is one wall that is combination cut and fill, the cut portion is soil

nail while the fill portion is MSE mechanically stabilized earth type. The advantage of the soil nail

type walls is that they are top down construction and therefore shoring is not required. They can be

built where r/w is very limited, we have locations where nails extend beneath buildings and high-

ways. The 20 foot sheathed epoxy coated 1" diameter steel bar nails are pressure grouted in place.

Welded wire reinforcing is placed and an 8" layer of shot crete is applied to the face. End plates are

then fitted to the soil nails that have threaded ends so they can be torqued to a specified amount. A
design adhesion is specified for each nail, 3.5 kips/ft. is a typical value. The nail spacing is deter-

mined by the type of soils and the adhesion developed from test nails. We are installing some instru-

mentation to monitor the long term performance of soil nail walls which are still relatively new.

We have used both cast in place and precast facial panels to finish the walls. The facial panels

give the walls a nice appearance but do not add to the strength of the wall. In some locations where

the walls were high and space allowed, stepped walls were used by Oregon DOT so landscaping

could soften the appearance of the massive amount of concrete surface area.

Traffic Control

With all of the construction in the streets and along the highway there is impact to the traffic.

Construction detours, flagmen, and orange traffic control cones and barrels are seen throughout the

project. A Traffic Management Plan (TMP) was implemented that included building 3 new park and

ride lots which hold a total of 650 cars on RAV near highway on ramps. Express buses serve these

park and ride lots and improved bus service was implemented in the area with the construction

impact. These lots have been very successful. One had some additional r/w and it was expanded soon

after it opened because of overflow problems.

IVack Construction

All of the tie and ballast track construction is included in the Beaverton civil contract. This 27

million dollar contract went to Morrison Knudsen. The first track installed was at some of the road

crossings. Tri-Met procured full depth concrete road crossings. The rail is encased in a rubber boot

for electrical isolation. There are no ties or ballast in this type of crossing. The rail is pinched to gauge

by the bolted down center panels.

The R/W west of Beaverton was an operating BNRR branch line until January 1995. After the

last train ran, the rails were removed within a month. In a complicated 4 party agreement that took

years to accomplish, Tri-Met gained access to 5-miles of R/W. The agreement granted the BN track-

age rights over some segments of the UP and SP. Payments of over 5 million dollars to the BN, over

6 million dollars to the SP, and over 3 million dollars to the UP were made for track improvements

to make the agreement happen. No shippers lost rail service as part of this abandonment.

Holland Rail Welding welded all of the CF&I 1 15 RE 80 foot long rails procured through L.B.

Foster in 960' lengths with a mobile plant welding system. We have three types of concrete ties that

Tri-Met procured from CXT: standard, restraining rail, and emergency guard rail ties. The special

trackwork, which includes 42 No. 5 yard turnouts and 45 mainline turnouts, was awarded to L.B.

Foster and is being manufactured by Rail Products & Fabrication in Seattle. Mainline turnouts are
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No. 6 and No. 8 AREA design. With all of the track material contracts, Tri-Met sent a draft copy of

the specifications to the material supphers and asiced for comments. We were very pleased by the

response from the suppliers. They spent a lot of time reviewing the documents and their comments

improved our specifications.

Operations Facility

Morrison Knudsen began installing the turnouts for the yard at the Operations Facility in

January '95. The Operations Facility is a separate 14 million dollar contract to Peter Kiewet

Construction to build a 3 story Shop and Administrative Building and for the grading and drainage

of the storage track site. The shop is designed to maintain the low-tloor vehicles. In addition to three

track pits for access under the cars there will be raised platforms to provide easy access to the elec-

trical equipment mounted on the roof of the low-floor cars. There will be a car wash and blow down

track.

Other Contracts

Several other contracts recently awarded are: the communications system contract to Union

Switch and Signal for $7 million, the traction electrification contract to Siemens Transportation for

$11 million, and the signal system contract to Union Switch and Signal for $18 million.

Conclusion

Before I conclude, I want to show a slide of the new Portland Trailblazers Arena called the Rose

Garden. This is a $250 million arena for the Trailblazers Basketball team being constructed near

downtown Portland. It will seat over 17,000, but provides fewer than 3,000 parking spaces. There is

a light rail station within a block of the building. The city of Portland and Tri-Met were pleased with

the decision to build downtown and on the light rail line.

We look forward to seeing the trains tested and the start of operations over the first 12 miles in

the fall of 1997. and operations extended to Hillsboro in the fall of 1998. Tri-Met has a Strategic Plan

that includes a south/north light rail corridor, which is currently in the alternatives analysis stage of

design. There is another mine field ahead of the south/north corridor project. But, we have already

taken a giant step:

— Last November, Portland area voters approved, by a 66% margin, a 475 million dollar bond

measure to finance the local share of the south/north line.

We hope to be invited back to the AREA conference again, in a few years, to show you con-

struction slides of another Portland light rail extension.

Thank You.
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Abstract

This paper summarizes and compares field rail welding techniques and presents the path rail-

roads are taking with field welding. The basic thermite welding procedure remains unchanged.

Manufacturers, however, made improvements to the thermite metal and to the casting equipment,

improving weld performance. Class I railroads are not using the oxyacetylene process, but the Japan

National Railway uses a portable gas pressure welder to make reliable welds. Field electric flash-butt

welding machines recently appeared on U.S. railroads. They mechanize much of the welding process,

increasing productivity while making consistent, high-quality welds. Research in field rail welding

mtechniques brings a forging thermite and electroslag process. Both make welds comparable to the

electric flash-butt weld in quality, but they cannot match the electric flash-butt welder's productivity.

Thermite welds have a place in the Class I railroads' future. They make welds in cramped sit-

uations that do not have the space an electric flash-butt welder needs. Nevertheless, its failure-riddled

past compels Class I railroads to replace thermite welds whenever they can. Field electric flash-butt

welds are the type they are turning to.

Introduction

The Class I railroads are committed to continuous welded rail (CWR). The preferred method of

joining rail into long segments for use as CWR is the plant electric flash-butt weld. Today, the con-

troversy lies in field welding methods. New methods are developing while manufacturers hone tra-

ditional techniques and adapt plant methods to meet the demands of the 39-ton axle load. This paper

outlines the available field welding methods, compares their quality and cost effectiveness, and relays

the path U.S. railroads are taking.

Field Welding Methods

Thermite Welding

Thermite welding is the oldest method for joining rails in the field (1). The process relies on

aluminum's affinity for oxygen to generate heat and liquid iron from iron oxide. Additives increase

the amount of metal generated and alter the metal's composition. Preheating the rails with a torch

begins the process. A crucible contains the reaction and incorporates a self-tapping plug (2). The plug

releases the metal after the slag has floated to the top but before the metal cools to a non-fusible tem-

perature. This occurs about 20 seconds after the reaction ends. Sand molds hold the molten steel until

it sets. Workers then trim and grind the weld to match the rail head. Weld time is about 15 minutes,

not including the time to correct to the neutral temperature (3). Figure 1 is a schematic drawing of

the thermite process.

Thermite welding is traditionally a casting process, filling the gap between rails with new

metal. Recent improvements to thermite welding better match the cast metal's hardness and structure

to that of the rail (4). This requires the production of several different thermite mixes to match the

many types of rail steel. New thermite welds have hardness ratings as high as 380-Brinell. Structural

improvements try to provide a finer, fully-pearlitic microstructure similar to that of the rail. Most

thermite weld failures occur at the large-grain pearlite/fine-grain pearlite junction (4).

The removal of the human factor now joins the metallurgical improvements. Disposable cru-

cibles eliminate the "danger of under- or over-heating the crucible" and the resulting incorrect tap

177
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Schematic Drawings Of Typical Termite Rail Welding Process

Source: Reference 7

Figure 1.

time (4). Manufacturers also claim they eliminate moisture in the crucible and reduce impurities since

it is clean every time. Some researchers question whether the disposable crucible reduces all types of

impurities since some impurities are caused by the thermite reaction itself (5). The disposable cru-

cibles are less economical since they are only used once. Little debate, however, exists as to the sim-

plicity disposable crucibles bring to thermite welding (4). Zircon-treated molds are also available.

They provide for smoother welds that require less grinding (4). Railroads use post-weld heat treat-

ment to normalize and harden their thermite welds (4)(6). Manufacturers tout these improvements as

increasing weld life by up to 28%. The improvements help, but the degree of improvement is not

established; the improvements have not existed long enough to make a field assessment.

The American Association of Railroads is researching a modified, forging thermite process (7).

Their process uses thermite metal to heat the rail, after which the rails are forced together, displacing

the thermite metal and casting inclusions. The process is still experimental, but it achieves tensile

properties similar to other forged welds. Hardness characteristics are typical of thermite welds.

Gas Pressure Welding

Gas pressure welding, or oxyacetylene gas forge welding, uses oxyacetylene torches to heat the

rail metal near the weld to 2,300°F (8). The welder then applies pressure to fuse the rails. A hydraulic
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shear removes the upset metal from the rail head while cutting torches remove flash from the web

and base. Torches then reheat the weld area to l.SSOT to normalize the weld. Grinding the cooled

rail brings it to final shape and magnetic inspection closes the operation. The quality of the gas pres-

sure weld exceeds that of thermite welds, but it has a higher defect rate than the electric fiash-butt

weld (8). Bending strengths are a little less than electric flash-butt welds while rolling load tests are

a little better.

U.S. railroads began using this process in 1939, but it has since fallen out of favor. Japan

National Railway (JNR) uses a portable gas pressure welder to make reliable welds on the Shinkasen

lines (9).

Electric Flash-Butt Welding

U.S. railroads prefer the electric flash-butt process for joining rail (10). This historically plant

welding process is now available in popular field versions. Jacking devices allow field flash-butt

welders to make closure welds. Welding heat comes from resistance to electric current and jacks sup-

ply the needed pressure. The process begins with the polishing of the web for the electrode contacts

(11). Electrodes clamp each rail to the welding head, aligning the rails for welding. Preheating of the

rails involves bringing the rail ends into contact to conduct a high current and then separating them

(8). The welding head brings together and separates the rails several times, flashing off non-steel par-

ticles and rough spots while bringing the rail temperature to between 1,750°F and 2,000°F. A final

flashing brings the rails into continuous contact, after which the current ceases and the welding head

forces the rails together. Expelled molten metal virtually eliminates contaminates. A recorder docu-

ments the welding current, welder head travel, and rail puller force to provide quality control ( 1 1). A
device shears off the expelled metal to conform to the rail. Laborers finish grind and inspect the weld

with a magnetic device to wrap up the process. Each weld takes about 2 1/2 minutes and consumes

about 1 1/2 inches from each rail. Railroads sometimes use post-weld heat treatment to match the

weld's hardness to that of the rail steel (6).

Today's welding heads have enough jacking capacity to make low stress welds (11). New jack-

ing devices supply the extra force to make closure welds. These rail jacks allow crews to correct a

closure for the neutral temperature without the cumbersome and time-consuming use of rail heaters.

The neutral temperature is a median temperature for an area selected by the CWR designer. At the

neutral temperature, no longitudinal stress exists in the rail due to thermal expansion or contraction.

Thus, closure welds on CWR made at temperatures below the neutral temperature need correction,

either by heating or by pulling. Another advantage with some rail pullers is that they work with the

welding head during a closure weld, but they may be left behind to hold a cooling closure weld while

the welding head makes the next low-stress weld (11).

Electric flash-butt welds are generally the highest quality rail welds. Field electric flash-butt

welds cannot match the quality of shop welds due to the environmental factors (6). The field electric

flash-butt weld is, nevertheless, a close rival. Electric flash-butt welds have greater fatigue strength,

bending strength, and ductility than thermite welds (9). Flash-butt weld strength compares well with

the JNR's gas pressure welds. No true performance record exists since the process is new, although

the Illinois Central expects them to last the life of the rail (11). Electric flash-butt welds, however,

cost more than thermite welds and require the acquisition and maintenance of expensive equipment.

Table 1 presents the mechanical properties of welds made with different processes for comparison.

Electroslag Welding

An electroslag process used to join crane rails in Russia is receiving attention in the U.S. (12).

The process obtains heat to melt the filler metal and the rail ends from the electrical resistance of

molten slag. An electric arc between the electrode and the bottom of the joint initiates the process.

The operator then adds powdered flux that the arc melts. After enough molten slag accumulates, the
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arc ceases and the current passes through the slag. A copper mold contains the procedure and dissi-

pates heat. Wire electrodes and consumable electrode guide tubes feed filler material into the mold.

The welder may vary the filler metal between the head and the rest of the weld, tailoring the metal's

properties for its application. The Oregon Graduate Center researched the process under the spon-

sorship of Southern Pacific Railroad.

Russian crane rail welds display tensile and impact strengths equaling or exceeding the stock

rail (12). Preheating the rails is not required, although it drives off any condensed moisture. Weld

time is about 18 minutes and the equipment costs less than electric flash-butt equipment although it

is more than thermite gear.

IVends in Field Welding of Rail

The last five years encompass monumental change in the techniques railroads use to weld rail

in the field. Thermite welds still comprise a large portion of the welds being placed. Electric flash-

butt welds, however, provide stiff competition that thermite manufacturers are countering.

Discussions of the trends and disputes associated with each process follow.

Thermite Welding

Thermite is the traditional field weld, having little competition until 1989. Railroads, however,

are not sentimental when it comes to thermite. Railroads consider them a "necessary evil" according

to Norfolk Southern's research and test director Charles Scott (4). Burlington Northern lists thermite

weld fractures as their number two rail defect (10). Thermite welds are also established as being dif-

ficult to police to ensure quality. With the advent and subsequent investments by railroads in field

electric flash-butt welders, the manufacturers of thermite welding equipment have stepped up

research and development. Their improvements are substantial. The thermite process, unfortunately,

still involves human skill, and railroads cite this as the basic problem with thermite (4)(6). Claims by

thermite welding equipment manufacturers that the newer kits rely little on human skill, allowing

good welds from imperfect procedures, do not have a historical backing. Without an improved ther-

mite track record, railroads are doing what they can to eliminate thermite from their projects.

Burlington Northern even chops out thermite welds when they rehabilitate CWR for use in secondary

or branch lines.

Manufacturers of thermite welding kits have the chance to improve their reputation. Its adapt-

ability gives it a place in difficult welding situations such as switches. The railroads themselves feel

that there will always be a place for thermite, although Burlington Northern's John Hovland does not

see the mainline as that place (10). Railroads look for field performance in products. If the new ther-

mite welds perform well, their use may again expand.

Gas Pressure Welding

Gas pressure welding developed to the point that welds were cheaper than bolted joints. Its use,

however, diminished to the point that this author is unaware of its current use by any railroad. Long

welding times and high defect rates plague the weld (8). The traditional method involves welder skill,

which leads to the high defect rate. Japan National Railway's apparatus mechanizes most of the

process and makes flash-butt quality welds in six minutes (9). Head hardened and alloyed rail take

an additional 10 minutes. This equipment does not seem capable of making closure welds without the

addition of a rail puller or rail heaters. U.S. railroads are not exploring new gas pressure approaches

due to the lengthy welding times and the historical failure rate (6).

Electric Flash-butt Welding

Field electric flash-butt welding machines take the front seat in welding managers' eyes these

days. The available commercial units include the Holland mobile welder that needs the addition of

the SuperPuller to make closure welds and the Plasser Super Stretch Flash-butt Welding Machine.
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The machines come with a heavy price tag, both in initial cost and maintenance. Nevertheless, the

Class I railroads feel the equipment is worth the cost and have made substantial investments in field

electric flash-butt welding. Companies using the Holland welder/SuperPuller combination include

Canadian National, Conrail, and CSXT, while Union Pacific and Buriington Northern opt for the

Plasser Super Stretch unit. Union Pacific's five years of experience with the Plasser welder is so

favorable that they now have five units (6). Welding supervisors agree they pay a premium for the

electric flash-butt weld. They also agree that they "get what they pay for." (6)( 1 1

)

The electric flash-butt welding machine's high productivity allows roads to get the most from

their ever shrinking work windows. Holland's Richard Krai claims they improve repair plug produc-

tivity by up to 15 minutes over thermite welding (11). Thermite welds also leave much room for

improperly stressed closure welds. Jacking systems, on the other hand, meet and dependably hold a

proper closure stress or length. Also, electric flash-butt welds depend less on human skill than ther-

mite or traditional gas pressure welds, better meeting the mechanization goals of railroads. These

advantages of the electric flash-butt weld make it a favorable alternative to thermite. It does not, how-

ever, currently have the adaptability to replace thermite in irregular, cramped welding situations like

switches where the welding head does not have room to grip the rails.

Electroslag Welding

Class I railroads are aware of electroslag welding and wish to see the process develop. The elec-

troslag process has the potential to compete with thermite in awkward welding situations. Current

obstacles include lengthy welding times and lack of a developing agency. Railroad welding divisions

seem to not have research teams for developing new processes. This may leave the research and

development of electroslag and other emerging techniques to the AAR, universities, and enterprising

equipment suppliers.

Conclusion

Electric flash-butt welding is the current rage on the field welding market. Class I railroads are

committing themselves to the electric flash-butt with increasing investments in equipment. Railroads

enjoy the quality, production, and mechanization electric flash-butt welding brings them.

Nevertheless, electric flash-butt welders cannot solve all welding problems. Railroads are eager to

further mechanize and simplify the welding process, allowing room for new and refined field weld-

ing methods.
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Introduction

Controlling weeds with herbicides is usually the most cost effective way to control unwanted

vegetation on railroad rights-of-way. Environmental responsibility requires that the least amounts of

herbicides be used. A variety of surfactants are available which may increase herbicide effectiveness;

implying reduced herbicide use, reduced environmental pressure, and perhaps reduced costs.

Although advantages may be demonstrated in the greenhouse or agronomic field, the right-of-way,

with its range of plant species, life cycles, growth forms, emergence patterns, soil types, and climatic

conditions is a more severe test of a surfactant's capabilities.

Tests were established on railroad rights-of-way at two sites in Louisiana and one in Indiana to

determine if the inclusion of selected surfactants resulted in better weed control, i.e., more bare

ground; a major weed control objective around the track. This cooperative program was established

by Purdue University under the sponsorship of AREA, Committee I , Subcommittee 9, and the

National Railroad Contractors Association (NRCA). Cooperators included the Illinois Central

Railroad (IC); Kankakee, Beaverville and Southern Railroad (KB and S); Southern Pacitic

Transportation Company (SP), and the manufacturers who funded the project.

Methods and Materials

Locations

The test site on the IC was located near Livingston, Louisiana; between Baton Rouge and

Hammond. Treatments were applied April 28-May 6, 1994. Important weeds included giant rag-

weed, small bamboo, climbing fern, and berry species. The SP test location was just southwest of

New Orleans, Louisiana, between Boutte and Paradis. Treatments were applied May 9-17, 1994.

Important weeds at this site included Johnsongrass, Bermudagrass, giant ragweed, marestail, berry

species, trumpetcreeper, and greenbrier. The KB and S test, located about 70 miles northwest of

Indianapolis, Indiana, between Montmorenci and W. Lafayette, was treated June 9-22, 1994. Weed
species at this site included wild carrot, wild parsnip, sweet clover, goldenrod, berry species, poison

ivy, and wild grape.

Field Procedures

The same experimental design was used at all locations; a randomized complete block with four

replicated 0.10 acre plots. The plots were usually 16 ft. wide and 272 ft. long. Application was made

from the rail at all sites with the same equipment; a hy-rail equipped with a 16-foot spray boom and

8,003 regular flat fan nozzle tips at a 20-inch spacing. All treatments were applied in a total volume

of 30 gallons water per acre. The weather at each location was warm; generally in the 80's.

A standard treatment, 2 quarts Roundup (Monsanto) -i- I pint Weedar 64 (Rhone-Poulenc) -i- 4

ounces Oust (DuPont) + Formula 358 ((Exacto) at 0.25% per acre, was applied alone and with

selected surfactants (Table 1). The surfactant and herbicide rates for each treatment were chosen by

the manufacturer.

*Purdue University, Dept. of Forestry and Natural Resources
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Table 1. Surfactants used in efficacy tests

Surfactant
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FATIGUE RELIABILITY ANALYSIS PROGRAM
FOR RAILROAD STEEL RIVETED BRIDGES

By: E. "Manos" Maragakis* and David H. Sanders**

Abstract

This paper presents a computer program that combines the structural analysis, the cycle count-

ing, and the reliability fatigue analysis for both plate girder and truss bridges. A fatigue reliability

model is described for the safety evaluation of steel railway bridges. The developed program incor-

porates the available full-scale experimental data on the fatigue strength of riveted connections. A
sensitivity study was performed on the fatigue reliability model. Test cases were completed on a plate

girder and a truss bridge.

Introduction

Railway bridges, during their design life, are subjected to repeated loading from trains and,

thus, be prone to the effects of fatigue damage. The older bridges, the majority of which are steel

structures, were built around the turn of the century. Today there is a renewed interest in the struc-

tural integrity of these bridges. The work presented herein originated from the need for a safety eval-

uation of railway bridges located on the suggested railway route for transportation of nuclear spent

fuel to the proposed Yucca Mountain repository in southern Nevada. This (Uvada Line) connects

North Las Vegas to the border of Nevada and Utah. Because of the inherent danger associated with

the shipment of spent reactor fuel, a reassessment of the safety of the bridges on the proposed rail-

road line has been undertaken by researchers at the University of Nevada, Reno.

The fatigue provisions in the current AREA (American Railway Engineering Association,

1987) Manual for railway bridges are based on the approximation of actual conditions in steel

bridges. These provisions combine an artificially high stress range with an artificially low number of

cycles to produce a reasonable design. The stress-life curves used for riveted connections are the cat-

egory D and C curves (AREA Manual 1989). These curves are mostly based on results of experi-

mental fatigue studies of reduced scale models.

In order to quantify the risk of fatigue in individual components of a bridge, the probability-

based fatigue model must be developed that includes the parameters representing the uncertainties in

loading, the variabilities in the material, the uncertainty in the fatigue model, and the uncertainty in

the structural analysis. Moses, Schilling, and Raju (1987) have developed a method for the fatigue

evaluation of existing highway bridges using the concept of probabilistic limit-state. This paper pre-

sents a model that can be used for railway bridges. The advantages of a probability-based method are

(a) a logical format for structural safety analysis, (b) a realistic assessment of fatigue conditions in

the bridges, and (c) a consistency in the evaluation procedures (AASHTO 1990).

Objectives and Scope—Assumptions

The primary objective of the work described in this paper was to develop a computer program

capable of performing the following tasks:

1

.

Structural analysis for both truss and plate girder bridge types,

2. Stress cycle counting, and

3. Reliability and risk assessment for members which are subjected to stress ranges equal to or

higher than 48.23 MPa (AREA specification requirement for riveted connections).

'Professor. Dept. of Civil Engineering, Univ. of Nevada. Reno
•*Ass't. Professor, Dept. of Civil Engineering. Univ. of Nevada. Reno
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In order to develop the most accurate member assessment possible the following steps were

taken:

1. The results of existing full-scale fatigue tests on riveted steel bridge components were incor-

porated into the reliability model (Reemsnyder, 1975; Fisher, 1984 and 1987; Baker, 1985;

and Bruhwiler, 1990). This makes the assessment of a reliability value (for the remaining

fatigue life of critical members) more realistic than using the reduced scale model test results

2. Parametric studies were performed in order to identify the most important parameters affect-

ing the results of the probabilistic model.

3. Test cases of the developed program were performed on both plate girder and truss bridges.

In developing the model, the following assumptions and restrictions were made:

1

.

The evaluation procedures are applicable only to an uncracked section which has not been

previously repaired and is subjected to primary stress (vertical static loading with impact).

2. The fatigue evaluation is based on the moment stress range for beam members and the axial

load stress range for truss members.

3. The local stress concentrations (around the riveted holes) are not incorporated in the model.

The nominal stress representing the condition of the net section is considered.

Model Formulation

The most widely used method to account for cumulative damage is Miner's hypothesis.

According to this hypothesis variable stress cycle damage is accumulated in proportion to the rela-

tive frequency of occurrence of each level of stress range. Other methods (such as root-mean-square

to define a characteristic value for the random load fatigue data [RMS] and crack growth models

which relate the crack growth to the stress intensity factor) have been proposed, but Miner's hypoth-

esis is among the simplest and is in reasonable agreement with variable cycle tests (AASHTO 1990).

Miner's rule (Miner 1945) can be expressed as:

N ,X=Y— (1)

ifX is a random variable representing the uncertainty in the cumulative damage model with mean of

1.0 and A^, is the number of cycles to failure at the stress range 5,. To utilize Miner's equation, an

expression must be developed to determine the number of cycles.

Most riveted railway bridges considered for this study were constructed at the turn of the cen-

tury. Therefore, the type of train loading and the number of stress cycles per train experienced by

these bridges has changed over time. Steam locomotives were the first type of traffic followed by

diesel-electric locomotives.

To account for the variation of the traffic type with time, the total fatigue life, Y, is divided into

two parts as follows:

K - y,. + Yf (2)

where Y, is the initial number of years from the time the bridge was constructed until the year when

there were only diesel-electric locomotives and Yf is the final number of years during which traffic is

assumed to consist of diesel-electric trains only.

Ify is the index for the train type (7 = 1,2) and k is the index for the time interval, then the num-

ber of trains of the jth type during the fcth initial time interval, rijt, can be expressed as

njk = TYk tj, (3)
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where T = average yearly traffic volume (constant value for all the years), K = number of years in

the kx\\ time interval, and t,, = percentage of theyth train type in the Ath interval. Table 1 shows the

percentage of both steam and diesel-electric locomotives in service from period of 1907 to 1991 on

the Uvada line. Using the definition for /i,i. the cumulative damage, X, can be expressed as

X =
/v, A^, ' ^2 ^2

"/^2

2 NT

j=\ k=\

"jk'^J
Hj-Ci

N,

(4)

where NT is the total number of time intervals considered in K„ C, is the equivalent number of stress

cycles per train for 7th train type, N, is the number of stress cycles at the 7th stress range, 5,, until

fatigue failure, and n, is the number of trains during the final period, Y,. The final period is the num-

ber of years from the current year until a crack is formed.

The double summation term in Eq. 4 represents the fatigue damage during the initial period. Y,\

and the second term represents the fatigue damage during the final period, Y,. The only unknown in

Eq. 4 is the number of trains, «,, that can use the bridge before observing a fatigue crack. The value

A^2 in the last term of Eq. 4 is based on the assumption that during the final period the member will

only experience stress range 5;, which is caused by trains having two diesel-electric locomotives and

ten cars. C, is the equivalent number of cycles due to a passage of train of type j.

Combining Eqs. 3 and 4 and knowing that n, = TY,, Y, can be written as

Yf =
2 NT

I I
CjY,tj,

(5)

The number of cycles. N. required to cause fatigue can be related to the stress range S through the

following regression equation.

NS' = c (6)

where parameters b and c can be determined using fatigue data, which can be obtained from experi-

mental studies or from the existing literature.

Table 1. Percentage of Locomotive in Service (Railroad Facts)

Interval
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Substituting Eq. 6 into Eq. 5, in order to incorporate the material variability, Yf can be written

K. =
S?G

2 NT"

I X
j=\ k=\

^j^k'jk^j

Finally, using Eq. 2, the predicted fatigue life can be expressed as

Y =Y: +
' S^C2

- I I
7=1 k=i

Cj^k'jk^j
b\

(7)

(8)

Equation 8 represents the final form of the model for predicting the fatigue life, Y. The random

variables and uncertainties included in the model are: the geometry variables A (area of truss mem-

bers) or 5, (section modules, of plate girder members) and c, the loading variables T and the force in

truss members (F) or the bending moment in plate girder members (Af), analysis uncertainty /, and

the uncertainty in the Miner's linear model X. Table 2 shows the random variable distribution types

and the corresponding parameter. These parameters where determined based on the reliability study

by Moses et al. in 1987.

Equivalent Number of Cycles

The fatigue lives of the main members of steel railway bridges depend on two dominant para-

meters, i.e.,

(a) The stress range, and

(b) The number of cycles for each passage.

Each complex cycle produced by a train passage consists of a primary cycle with secondary

cycles. The stress range for the complex cycle is the algebraic difference between the maximum and

minimum stress. The secondary cycles may cause additional damage, thus it is important to account

for their effect.

The first step in counting the equivalent number of cycles is to decompose the complex cycle

into several individual cycles of different magnitude. The equivalent number of simple cycles for a

complex cycle can easily be calculated by summing the ratio of the secondary stress ranges to the pri-

mary stress range to the power of ^ (Schilling 1984):

yv, = i+I (9)

where N, is equivalent number of cycles to be used with the primary stress range S, and b is the

fatigue regression parameter.

Fatigue Program Description

Using equation 8, which was described previously in the paper, a fatigue program was written

in CONVEX Fortran. CONVEX Fortran is a high-level language that increases programming pro-

ductivity, maximizes software portability, and enhances the speed of execution (using global and

local optimization, vectorization, and parallelization techniques). CONVEX Fortran includes stan-

dard FORTRAN functions as defined by the American National Standard FORTRAN 77

[ANSF.X3.9-1978] and a unique CONVEX extension. This system is advantageous because of its

speed in compiling and running programs with high precision results.
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Table 2. Random Variable Distribution I^pes and the Corresponding

Parameter Used in the Computer Simulation Program

Variable
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Start

i
read bndge type,

bridge geometry,

train configuration(s)
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i
calculate the impact factor
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geometry and trash type{s)

and speed from AREA.
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T
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save the output in a file
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Figure 1. Flow Chart for the Developed Fatigue Program

The program was compared with a finite element modeling software (IMAGES-3D) at an arbi-

trary position for Cooper-80 loadings, and it gave very similar results (the maximum difference was

1.4% for vertical displacement under the main girder of an example bridge). Figure 2 shows a com-

parison between IMAGES-3D and the developed routine.

Cycle Counting Routine

The cycle counting routine uses the output from the structural analysis program, and performs

the following operations.

1

.

Defines the maximum bending moment or axial force for each element.

2. Calculates the maximum absolute moment or force range.

3. Ignores the effect of the local noise, stress ranges less than or equal to 1.378 MPa.
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? -^

The Span ofthe Main Girder (m)

3.048 6.096 9.144 12.192 15.25 18.288 21.336 24.384 27.432 30.28

Fatigue Program -*— 1MAGES-3D

Figure 2. Comparison between IMAGES-3D and Fatigue Program

4. Calculates the effect of the secondary cycles and counts cycles by using Eq. 9.

5. Saves the output in a file.

Fatigue Reliability Model Routine

The main objective of this study is to determine the reliability index at any specified time as an

output. A Monte Carlo simulation routine was written to generate sets of six random numbers accord-

ing to prescribed distribution types (see Table 2). These sets of random numbers are used in the pro-

gram to generate the fatigue life values expressed by Eq. 8. The program considers only elements

which are subjected to stress ranges equal to or higher than the stress limit of category D (AREA
specification requirement for riveted connections). If the stress range exceeds a value of 7 ksi, the

element is considered as a critical element.

From the output of the structural analysis and cycle counting routine, deterministic values of

the impact factors, the maximum moment range or the axial force, and the equivalent number of

cycles are available.

Table 2. Random Variable Distribution Types and the Corresponding

Parameter Used in the Computer Simulation Program

Variable
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The fatigue reliability model routine performs the following operations.

1. Reads the random variable distribution parameters (the mean and the coefficient of varia-

tion).

2. Generates uniform random variables based on the Monte Carlo Method using the URAND
Function (Forsythe 1977).

3. Transforms uniform random variables into lognormal random variables.

4. Generates Log 5 for an arbitrary value of A' = A^„; then generates random variable c, repre-

senting the variability in the fatigue data.

5. Defines Ys as the specified design fatigue life. Since Y from equation 8 is best described by

a lognormal distribution (based on the results of the sensitivity analysis, next section), the

following formulation for the safety margin, Z, was chosen (Melchers 1987)

Z = lny-lnKs (10)

here Y is treated as a random variable and Ys is a deterministic variable.

6. Evaluates the safety index P using the following equation

lnn,-lnK,
^,j^

Vy

where V, and |i> are the coefficient of the variation and the mean value of the predicted

fatigue life Y respectively.

7. Evaluates the value of reliability for each specified time from the safety index by integrat-

ing the formula:

Fi^) = ^f_e-^'''d^ (12)
27t

where F(p) is the reliability at the member for a specific time, and |3 is the safety index.

8. Calculates the risk of initiation of a crack in the member.

9. Saves the output in a file.

From the output file, element with the lowest reliability value (or highest risk value) is consid-

ered to be the most critical element in the bridge.

Sensitivity Study

A sensitivity analysis was conducted to investigate the effects of the level of variability (i.e., the

coefficient of variation) of each of the six random variables on the reliability index. Figure 3 illus-

trates the results of the sensifivity study. Generally, the reliability index decreases as the coefficient

of variation of a random variable in the model increases. The reliability index, however, is not very

sensitive to the variability in the traffic volume, T or the uncertainty in the fatigue linear model, X.

Figure 4 shows the cumulative distribution function (CDF) for a sample of 1 ,000 simulated Y

values (input data for the program). Figure 4 also shows the theoretical normal and lognormal distri-

bution function using the sample mean and standard deviation. As shown in Figure 4, the lognormal

distribution represents a better fit for the distribution of fatigue life ( Y).

Examples

Two single-track steel riveted bridges were considered for detailed analysis: 1) A 30.48-m

through-plate-girder, and 2) A 38.1-m through-truss bridge. These bridges are typical of the railway
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Table 3. Section Properties at the Most Critical Members in the Example Bridges

Bridge Type
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Figure 10. Stress History at Member L,-U| during a Passage of SD-60
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Table 4 shows the reliability results for both types of bridges for the most critical members in each

bridge. In addition, Table 4 provides the calculated values of the stress range, 5„ the percentage of the

impact factor calculated based on AREA specifications, and the equivalent number of cycles, C,.

Table 4 shows that the estimated fatigue reliability immediately after the shipment period is

98.22% for the plate girder bridge. However, the estimated fatigue values of the through-truss bridge

is only 72.83% at the vertical members L,-Ui. The low reliability value for the through-truss bridge

suggests that extensive and frequent inspection of the bridge is required.
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6. The parameters b and c for the S-N curve are obtained based on the crack initiation data (the

range of the crack length is from .05 to .28 inch). The initiation of a crack was considered

since these bridges will be used for the transportation of spent fuel. Therefore, the results are

conservative. The parameters h and c would need to be re-evaluated if a certain level of

crack would be tolerated.

7. Further research is necessary to develop a general methodology (which account for the sec-

ondary loadings, stress concentrations and crack growth rate) for the reliability analysis of

railway bridges.
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Notation

The following symbols were used in this paper:

b = fatigue regression parameter;

Cj = equivalent number of cycles per train foryth loading type;

c = fatigue regression parameter;

Ce, = equivalent number of cycles;

M = moment range at the plate girder member;

N = number of stress cycles until fatigue failure;

A', = number of stress cycles at the y'th stress range 5,, until fatigue failure;

njk = number of trains of;th type in the fcth period during Y,\

nf = number of trains during final period, Y/,

Pf = probability of failure;

5 = stress range;

Si = primary stress range;

5, = secondary stress range, / = 2, 3, . . . . ;

Sj = stress range due to jth loading type;

S. - first moment of the area about the neutral axis;

T = yearly traffic volume;
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tjt - percent of the train type in the ^th interval;

V = coefficient of variation;

V, = coefficient of variation of fatigue Hfe;

X- random variable representing the uncertainty in the cumulative fatigue damage model;

Y = fatigue life in years;

Yf = final number of years during which traffic is assumed to be of the same type;

Y, = initial number of years before the bridge is subjected to the same type of traffic;

Y. = number of years in the klh time interval;

Ys = specified life in years;

Z= safety margin;

P = reliability index;

H = mean value of the random variable;

a = standard deviation of the random variable.
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EVALUATION OF THE HEAD REPAIR WELD
THERMITE RAIL WELDING PROCESS

By: C. P. Lonsdale*

Appendix by: S. W. Janshego II**

Abstract

This study was conducted to evaluate the suitability of the Orgo-Thermit Head Repair Weld

Process for use in Conrail trackage. The evaluation consisted of a review of AAR FAST test infor-

mation, in track testing on Conrail and laboratory testing at the Technical Services Laboratory.

The welds at FAST experienced 43.42 MGT of train traffic with no failure or unusual wear.

Welds in track at Altoona experienced 4.24 MGT or 3.55 MGT (depending on which track) and

passed an ultrasonic test for defects. Tensile samples taken from a rail head which had a Head Repair

Weld exhibited higher tensile strengths and ductilities than standard thermite welds. A hardness tra-

verse showed maximum hardness at the center of the weld with lower hardness areas at the heat

affected zone. Also, the hardness variations decreased with the depth below the rail head running sur-

face. No gross porosity or lack of fusion was seen in a macroetch sample of the HRW. The HRW
process is sound and can be used in track with confidence provided the defect is not more than four

inches long and eight mm deep.

Although the HRW process will provide a savings over present methods, welder training should

be completed if the process is used. Also, specifications regarding when to use the process includ-

ing before and after welding ultrasonic testing must be established to insure maximum safety and

reliability.

Introduction and Scope of Evaluation

Consolidated Rail Corporation began considering use of the Orgo-Thermit Head Repair Weld

(HRW) process in 1992 as a method of increasing welding efficiency and effectiveness. The poten-

tial cost and time savings of the new method over traditional repair methods warranted further study.

As with any new procedure, an adequate evaluation was deemed to be essential before implementing

the HRW systemwide.

Conrad's Technical Services Laboratory at Altoona, PA, in conjunction with system

Maintenance of Way personnel, established the test plan. It was determined that a blend of lab test-

ing, simulated service testing and actual in track service testing would best evaluate the HRW
process. Lab testing included hardness testing, tensile testing and macroetching of the weld.

Simulated service testing involved testing a head repair weld on a rolling load machine at the A.A.R.

Chicago Technical Center. In track service testing involved installing the welds in yard trackage at

Altoona, PA to determine how they would respond to actual train traffic.

Additionally, other pieces of information were gathered for the evaluation. The A.A.R. Facility

for Accelerated Service Testing (FAST) at Pueblo, CO had installed two HRW's in track. Also, the

Burlington Northern had installed some of the HRW's in the past. However, due to the incomplete

nature of information on the properties and performance of the HRW process, a more rigorous review

of the process was needed before main track installations would be attempted. Once the evaluation

was completed, the Conrail Technical Services Laboratory would provide a recommendation regard-

ing HRW use to the Conrail Maintenance of Way Department.

'Metallurgist, Conrail Technical Services Laboratory

'Electro-Mechanical Engineer, Conrail
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Thermite Welding Processes

Thermite welding is an old but very effective method of rail joining originally developed by

Hans Goldschmidt in the late 1800's. The reaction that occurs is one between finely dividfed alu-

minum and iron oxide powders and is highly exothermic. The reaction most commonly used as the

basis for thermite welding is ( 1 ):

SFcjOj + SAl =>9Fe + 4Al2 03 + 3350kJ

Great heat is produced as the iron oxide is reduced by the aluminum powder and the heat is the

impetus for fusing rails together. The theoretical temperature created by this reaction is about

5,600°F. However, heat losses usually bring this temperature down to around 4,500°F during actual

field welding operations ( 1 ).

In traditional thermite welding two rail ends are joined by the molten steel from the crucible

washing down through the gap between the rails and freezing (1,2). The head repair weld process is

not designed to join two rails but to eliminate shallow defects from the surface of the rail head. The

molten thermite weld metal pours down from the crucible into the mold surrounding the rail head and

"washes out" the defect. The HRW process therefore results in a thermite rail head weld which does

not extend through the entire section of the rail.

Defects on the surface of the rail head such as engine bums and other shallow irregularities rep-

resent candidates for the HRW process. If such defects are not repaired early in their life, a much
larger crack can result from fatigue; rail safety and integrity may be compromised. Currently surface

defects are repaired by electric arc welding build up or by rail replacement (plugging). When the rail

replacement method is chosen, the defective rail section must be removed from track (two cuts), a

new piece of rail inserted and two field welds made. Electric arc welding build up is relatively time

consuming and the resultant metallurgical structure can be non-homogeneous. The head repair weld

process therefore has the potential to offer flexibility, lower welding costs and a reduction in the win-

dow of track time necessary to facilitate important preventative maintenance measures.

Experience of Organizations with HRW Process

The application and evaluation of the HRW process has been relatively limited. The Burlington

Northern Railroad installed some of the welds in a siding near Amarillo, Texas in the summer of 1993

to see how they would hold up under traffic. The welds were reported to appear sound following

installation. There were no problems noted with the welds, but no quantitative data was collected or

reported in the course of the evaluation (3).

Two HRW's were installed at A.A.R. FAST, Pueblo, Colorado on December 3, 1991 (4). Fig-

ure 1 shows their locations at FAST (4). The two welds were placed in the Heavy Axle Load Phase II

Mainline, Section 31, and were located in a 280 feet long five degree curve. One weld was located

in the outside rail of the curve in Section 4, tie 18. The rail containing this weld was a 136 lb/yard

RE Nippon Kokan head hardened rail. The second weld was located in the inside rail of the curve,

Section 4. tie 13. This rail was a CF&I 136 lb/yard RE standard rail.

The two welds at FAST experienced a total of 43.42 Million Gross Tons (MGT) of traffic (5).

They were installed December 3, 1991 and removed from track on March 3, 1993 not due to any weld

defects, but rather due to a rail changeout for another FAST evaluation. A visual observation of the

welds revealed no batter, chipping or spalling in the HRW area. Figures 2 through 5 are photos taken

of the welds, now out of track, at Pueblo. Both welds appeared to be sound and show no excessive

or unusual wear. An examination of the surface using a straightedge showed them not be sunken.

Another repair weld process was tried by the Santa Fe Railway in 1981 (6). The Zokay ther-

mite repair welding process involves cutting the rail head defect out with a torch and then filling the

area with weld metal. This process differs from the HRW process in that the Zokay involves cutting

metal out before the head repair weld is completed. The ATSF experiments revealed that hot tears
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Figure 2. HRW 04-0013 AAR FAST (Side View)

Figure 3. HRW 04-0013 AAR Fast (Tip View)
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Figure 4. HRW 04-0018 AAR Fast (Side View)

Figure 5. HRW 04-0018 AAR Fast (Top View)
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were found in the head-web fillet. To alleviate this problem, mold designs were changed involving

gating and risering considerations for the weld casting. Additional changes in mold design were pro-

posed by ATSF as well.

Experimental—Site Selection and Set Up Description

Potential sites for head repair weld installation tests were identified in number one and number

two yard tracks between Rose and CP Works at Altoona, PA. Locations on the rail heads with engine

bum defects were noted and examined with a hand held ultrasonic testing device. This was done to

insure that defects did not extend too deep into the rail. The HRW manufacturer recommends that

there be no transverse cracks below 8 mm from the surface (7). Three weld locations on the north rail

and three on the south rail of number two yard were selected for HRW installation June 15, 1994.

Four additional weld locations, all on the north rail of number one yard, were chosen for weld instal-

lation June 16. 1994. The rail type is 155 lb/yard PS-CC Bethlehem. An Orgo-Thermit field repre-

sentative was present for weld installation training.

All defects chosen for repair were shallow surface defects. Since a single HRW will replace the

full width of the rail head surface for a length of about four inches, all defects selected were shorter

than this. The HRW molds were rubbed to the profile of the rail and mold protectors were applied.

Luting paste was applied to seal the molds and the universal rail clamp was then added. The gap

between the molds and the rail head was filled with luting sand (not the moist paste) and the crucible

assembly was placed on the universal rail clamp.

Preheating of the rail head was done for two minutes with a gas torch and the HRW pouring

plug was also heated to insure it was dry. Following the insertion of the pouring plug in the crucible,

the charge was added and ignited. Following completion of the reaction in the crucible and time for

the slag to float up, the molten steel poured onto the rail head and washed out the defect. As the weld

began to solidify the mold protectors were removed. At six to seven minutes after the pour, the top

of the mold was removed and the hydraulic shear applied and used to cut off excess weld metal. After

some grinding to proper profile, the rail was ready for traffic.

Weld Fabrication

The six employees making the welds were welders from Conrail's Harrisburg Division. Some

of them were thermite welders and some were electric arc frog welders. As a result, the HRW instal-

lations were substantially a training exercise for some of the employees. Although the manufacturer's

training representative did a fine job. it should be recognized that the level of expertise varied widely

among the group. This is a situation that would be common if the HRW process were implemented

system wide. As experience was gained by the group and the installations progressed, the welding

process became more efficient and effective.

Problems were experienced with the first two welds installed out of the six made the first day

in number two yard track. The welding crew found that the hot weld metal was slightly longer than

the opening of the hydraulic shear. The shear therefore did not fit. As a result, the weld metal cooled

too fast for the shear to be used on welds one and two. The excess weld metal on these two was

removed by torch cutting and grinding. Welds four through six were performed without adverse inci-

dent. The crews trimmed a small amount of weld metal and adjusted the shear to fit properly. As the

welders gained experience, the resulting welds improved both in terms of installation efficiency and

final ground appearance.

The next day, June 16. 1994, four welds were installed in number one yard track. Although the

first weld was made properly, a breakout of hot metal occurred during the installation of the second

weld when the top was removed too soon. This resulted in a sunken head on the rail. The decision

was made to install the third weld directly over the second weld to "build up" the rail head to the nor-
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mal level. Both this weld and the fourth weld were installed properly and appeared visually to be of

good quality.

Another weld was produced out of track at the East Altoona Maintenance of Way Material Yard

for the Technical Services Laboratory sectioning, testing and evaluation. When this weld was produced

an approximately two inch long "scar" about 1/4 inches deep resulted on one side of the rail head. It is

believed that this defect is due to moisture turning into steam. This could have been due to moist luting

paste present in the head mold interface area of the rail head. The last weld made was produced in late

August for a rolling load test at the Association of American Railroad's Chicago Technical Center. This

weld was produced in an eight foot long piece of 136 pound per yard rail, weld centered, and appeared

visually to be of good quality. After being produced out of track, it was sent to the A.A.R.

Weld Specimen Examination: Results

The first out of track test weld was sectioned into two tensile samples and an 8 1/8 inch long

by two inch wide by 5/8 inch thick sample for hardness and macroetch evaluation. The latter sample

was removed longitudinally from the center of the rail head to show the cross section of the weld and

the heat affected zone. All samples were machined at the Conrail Juniata Machine Shop at Altoona,

PA. The tensile samples were machined to the specifications shown in Figure 6. A diagram of approx-

imate sample locations in the rail is shown in Figure 7.

Photographs of the longitudinal macroetch of the head of the repair weld are shown as Figures

8 through 10. The etchant used for the macroetch was fifty percent HCl and fifty percent water. The

macroetch is consistent with a macroetch obtained by the A.A.R. in 1993 (8). A large area of the

"semi-circular" heat affected zone is seen in the macroetch and it impinges on the rail surface at two

locations. The heat affected zone structure occurs due to high heat from the welding process. Since

the cooling rate for a thermite weld is slow and the amount of metal is great compared to arc welds,

the heat affected zone for thermite welds is larger. Weld solidification proceeds inwards from the

grains of the parent metal (rail) at the fusion zone towards the top center of the weld. The last area

of HRW to solidify is this top center area as grains growing from the fusion zone eventually join. The

nucleation of weld grains at the fusion zone occurs easily due to the excellent epitaxy between par-

ent metal and weld metal. No metallurgical defects are noted in the weld area from examination of

the macroetch sample.

Values of Rockwell C hardness for a hardness traverse taken along the longitudinal cross sec-

tion sample are shown in Figure 11. This particular traverse was taken 1/4 inch below the top edge

of the sample and corresponds to a location close to the rail running surface. Readings were taken at

- R
r

1

J

A = Length of reduced section = 1.75 inch

D = Diameter = 0.350 ± 0.007 inch

G = Gage Length = 1 inch

R = Radius of riUet = .25 inch

Figure 6. HRW tensile sample dimensions
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Figure 7. Approximate sample positions in 155 lb. rail (not to scale)

1/8 inch intervals. The highest hardness is seen in the center of the weld. To each side of the repair

weld metal the hardness drops off to lower levels. These areas correspond to regions near the edges

of the heat affected zone where grain growth and annealing have occurred. This would cause the

hardness to be lower. As we move further away from the center reference point, the hardness

increases to higher levels in the parent metal.

A total of four different hardness traverses at various depths were taken and the results are

shown in Figure 12. Traverse S-4 was taken 1/8 inch below the top of the longitudinal sample, S-3

1/4 inch below, S-2 5/8 inch below and S-1 one inch below. The three dimensional graph shows the

overall hardness is decreasing as we move down into the body of the head away from the rail sur-

face. Localized variations in hardness become less significant as we move down also. Hardness val-

ues in the center of the traverse become more uniform as we move away from the surface.

The results of the tensile tests conducted on the two HRW samples at the Technical Services

Laboratory are contained in Tables 1 and 2. Sample one was taken from the side of the rail head

which had the previously mentioned "scar" defect. Sample two was taken from the other side of the

railhead which had no defect. Both samples have similar yield strengths and ultimate tensile

strengths, although sample two is more ductile than sample one. Table 3 contains tensile data for stan-

dard thermite welds from selected authors to provide comparison with HRW sample properties (9,

10, 11). The HRW samples are more ductile than most of the other thermite weld samples. The HRW
samples also have higher yield strengths and ultimate tensile strengths. It should be noted however,

that there was no attempt to match alloy compositions or original heat treatment conditions for the

different compared samples. The comparison is therefore less than complete.
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Figure 8. HRS macroetch

Figure 9. HRS macroetch
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Figure 11. Hardness traverse, 1/4 inch from sample top

Figure 12. Composite of HRW hardness traverse data (3D view of hardness traverses)

All HRW's in track at Altoona were tested for internal soundness using a hand held ultrasonic

testing device on November 2, 1994. All welds were found by Jim Milheim, Engineer of Rail Testing,

to be free of apparent defects and therefore, passed the test. Appendix 1 shows the data for loading

of the welds in track by trains. Readings taken November 4, 1994 show that the welds in number one

yard experienced 199,232 axle loadings while the welds in number two yard experienced 166,478

axle loadings. Based on an axle weight determination made using Conrail's T.P.O.C. (Truck

Performance and Overloaded Car) detector, the welds in number one yard experienced 4.24 MGT of
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Table 1. Tensile Test Data

Sample

Number
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Additionally, the interaction of the rail grinding process with head repair welds in track should

be considered. The heat affected zone of the HRW differs from the heat affected zone of a standard

thermite weld in that it does not extend vertically from head to base. The HAZ is basically concave

in shape and consists of an area which is relatively horizontal to the rail head surface. As grinding

progresses over the lifetime of the rail, impingement of the maximum shear stress upon the softer

areas at the edge of the HAZ may be a concern. Initiation of shells or other cracks may occur in or

near this area. If the HRW is to be implemented on a widespread basis, testing of the defect initiation

characteristics of HRW's should be completed to obtain knowledge.

The information gathered during the testing procedure indicates that the HRW process is a

sound one. The macroetch showed the weld structure to be free of defects and the tensile properties

are better than those of selected standard thermite welds. Hardness traverses show a profile which is

not unexpected for a thermite process. The welds at the A.A.R. FAST test track and in track on

Conrail at Altoona all held up well under traffic. As was mentioned previously, training and standard

issues, not metallurgical issues, are the keys to successful implementation of the HRW process.

Conclusions

1. The HRW samples exhibited higher yield and tensile strengths than the standard thermite

weld samples reviewed in this study.

2. The HRW samples tested have slightly better ductility than most standard thermite weld

samples reviewed.

3. The macroetch revealed a "semi-circular" heat affected zone and no evident gross porosity

or incomplete fusion.

4. The hardness traverses showed maximum hardness near the center of the weld. The areas of

lower hardness are near the edge of the heat affected zone. As the depth below the rail run-

ning surface increased, the localized variations in hardness decreased for different traverses.

5. The head repair welds at A.A.R. FAST appeared visually to be sound with no abnormal wear

evident after 45 million gross tons of rail traffic.

6. The head repair welds in track at Altoona showed no abnormal wear and appeared visually

to be sound. All welds in number one yard track passed an ultrasonic test for internal defects

after 4.24 MGT of rail traffic. All welds in number two yard track passed an ultrasonic test

for internal defects after 3.55 MGT of rail traffic.

7. Based on time and material savings, the HRW process, which takes the place of two rail cuts,

a replacement rail plug and two standard thermite welds, provides a cost savings.

Recommendations

As a result of this evaluation process and taking into consideration the non-technical issues pre-

viously discussed, the following recommendations are made:

1. The head repair weld process can be used with "metallurgical confidence" to repair selected

shallow defects in the railhead. There is nothing in the test results to indicate that the process

is metallurgically inadequate to the task.

2. Welders should be trained on the process to insure reproducibility of results. This is essen-

tial.

3. If more complete track safety and weld reliability is to be insured, an ultrasonic test of the

defect chosen for repair should be completed prior to making a head repair weld. If the

defect extends too deep into the rail, other repair methods should be used. Post weld ultra-

sonic testing should be done as well. Training of employees is very important in this area.
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RAIL MOUNTED AXLE COUNTER / TRANSDUCER

X Transducer Installed on #2 Yard Track (Conrall Rose Yard West end) at 12:30 PM on 8/16/94

Y Transducer installed on #1 Yard TracK (Conrall Rose Yard West end) at 9:30 AM on 6/16/94

WHEEL COUNT INFORMATION DATE AND READING

TRANSDUCER X
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level present at the inverting side of the comparator is from the voltage set by the user at R4 accord-

ing to the sensitivity level of the transducer. The comparator looks at these two voltage levels and

compares which is at a higher potential and provides an output accordingly. For example when the

positive or noninverting input is higher than the negative or inverting input, a six volt output is pre-

sent. Conversely a zero volt output is present when the inverting input is at a higher potential than

the noninverting input. The output of the comparator drives transistor Ql in turn incrementing the

counter each time a wheel passes by the transducer. Figure 2A of this Appendix shows the data for

the counter taken at #1 Yard and #2 Yard Track.
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MEMOIR

Joel Weldon DeValle

1918-1994

After a lengthy illness Joel DeValle passed away at his home in Marrietta, Georgia early on the

day of September 8, 1994. Joel was bom in Ellisville, Mississippi and was a graduate of Mississippi

State University. His first railroad job was as a laborer in a Maintenance of Way Gang of the Southern

Railway to support himself at Mississippi State. Upon graduation from State in 1941, Joel was

employed by the Tennessee Valley Authority as a Structural Engineer until he entered the Army Air

Corps., during World War II, where he attained the rank of Major.

His engineering service with the Southern Railway began in 1946 as Structural Engineer in the

Knoxville, Tennessee office. Joel served in various capacities on the Southern System Bridge

Department until his promotion to Chief Engineer, Bridges and Structures, in September 1962. He

served in this capacity until his retirement in December, 1978.

Joel was a member and a director of the A.R.E.A., a member of Committee No. 8, and served

as Chairman of Committee No. 8—1976-1978. He was also a member of the American Railway

Bridge and Building Association serving as president, 1967-1968 and a member of the Roadmasters

and Maintenance of Way Association and American Society of Civil Engineers. He was an active

member of the Peachtree Road Methodist Church in Atlanta, Georgia and an avid golfer.

Joel is survived by his widow, Mae Travis Quimby DeValle of Laurel, Mississippi, who he mar-

ried on November 20, 1941 and a sister, Lucile Thomas of Ellisville, Mississippi.

A loyal and faithful friend, Joel will be missed by those who knew him and who worked with

him in the Railroad Industry.
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MEMOIR

Bernhard M. Dornblatt

Bemhard M. Dornblatt, better known as Barney, died at his home in New Orleans, on December

23, 1993 in his 92nd year after a lengthy illness. Barney was a graduate of the University of Georgia.

After a career with the Corps of Engineers he opened a Consulting Engineering office in New

Orleans during the early fifties. Barney became a member of A.R.E.A. Committee No. 8 in 1954 and

served on the Committee until his death. Barney was well respected in the Engineering Profession

and his contribution to the Committee will be missed. Barney is survived by two sisters, Mrs. Amelia

O. Levine and Mrs. Elsie Marshall, who both reside in Milwaukee, Wisconsin.
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MEMOIR

Anton Tedesko
Anton Tedesko passed away in Seattle, Washington on April 2, 1994. Mr. Tedesko was bom in

Austria and educated at the Institute of Technology where he received his degree in engineering and

later his doctorate in engineering. He worked for a consulting firm in Germany from 1930 to 1932.

He joined Roberts & Shaefer of Chicago, then New York, from 1932-1967. He worked for his own

firm from 1967 until he passed away. He is survived by his wife Sally; daughter Suzanne Affolter of

Seattle; son Peter of Swickley, PA; and four grandchildren.

Mr. Tedesko had a long and very eminent career as a structural engineer, being a world author-

ity in reinforced concrete. He is especially noted for his work in thin concrete shells. He was one of

four Principal Consultants for the Apollo Lunar Program. He was a consultant for many other impor-

tant structures in the United States and throughout the world. Mr. Tedesko was a past delegate to the

International Association for Bridge and Structural Engineering, and an Honorary Member of ASCE.

One of his many well known articles was "Computer Analysis: No Substitute for Experience" which

was given at the Fall 1992 Ferguson Lecture in Puerto Rico.

Throughout the years Mr. Tedesko offered Committee 8 the incite and benefit of his extensive

knowledge, and was recognized as a most qualified technical engineer who had the practical knowl-

edge to pierce new areas with direction. Mr. Tedesko joined the AREA in 1952 and had been a mem-

ber of Committee 8 since 1955. It is with extreme appreciation for his continuing work through the

years, that we recognize the passing of this strong and vibrant engineer and friend.
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BURLINGTON NORTHERN RAILROAD
Serving the

POWDER RIVER BASIN

7b GLENDIVE
aiK) NORTHERN
GREAT PLAINS

OPea*TiNG #
PflCuECTED O

Figure 1.

CONSTRUCTION ON BN/CNW JOINT LINE IN

THE POWDER RIVER BASIN

By: G. G. Albin*

A brief history of construction of the Orin Line is as follows:

In 1970 with the creation of the Burlington Northern (BN), oil and coal companies in reaction

to the Clean Air Act. enacted by Congress, busily signed coal rights leases in the Gillette area—the

heart of the south Powder River Basin coal fields. This Act would require utilities burning high-sulfur

coal to clean up their act. Powder River coal with a sulfur content one-third to one-fifth that of Illinois

and West Virginia deposits was a one-stop solution (Figure 1).

The first construction was in 1972 when BN supervised the Amax financed construction of the

Belle Ayr line south of Gillette from Donkey Creek to Belle Ayr. 15 miles. January 16, 1976 the ICC

gave BN the go-ahead to construct and co-own (with CNW) 1 12.5 miles of track between Shawnee

'Assistant Chief Engineer Design. Burlington Northern
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Junction and Coal Creek Junction. The line from Belle Ayr to Coal Creek was constructed in 1976

and the ceremonial spike was driven home on October 6, 1979 when construction for the south and

north met at MP 71.26. The actual meeting point at MP 71.26 was determined in part by a family of

eagles which ultimately (to BN's relieO relocated its nest, allowing the two rail gangs to converge.

BN's first coal trains moved out of the north end of the line in 1972 and out of the south end in

1979. The original construction was single track, constructed with wood ties, 132# CWR, #20

turnouts with sidings 5 miles long at Logan, Bill and Walker.

In October 1983 CNW/BN signed a document and on August 15, 1984 the first CNW train pro-

ceeded to the Powder River Basin. Late in 1986, BN allowed CNW north to East Caballo Junction at

MP 15.5.

As the mines developed along the line, the coal traffic increased. (Eight major mines began

operations as follows.)

Mine Name
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Figure 2.

Construction scheduled for 1995 involves the following:

• Construct 0.3 miles of second main track, including Antelope Creek bridge at Nacco.

• Construct 7.9 miles of second main track. E. Antelope to Reno

• Construct 9.75 track miles of third main track, E. Nacco to Logan

• Construct 3. 1 miles of second main track, Reno Junction to Black Thunder Junction

• Costs estimated for the four phases of 1995 work are $37.0 million for 21.1 track miles, in-

cluding a major bridge at Nacco, costs jointly shared by BN & CNW.

Additional work in 1995 on the non-joint line but directly influenced by the increase in coal

traffic is as follows:

• Construct 2.7 miles of second main track, W. Fisher to Shawnee Junction

• Construct four R&D tracks and eight storage tracks in Alliance South Yard

• Construct 13.2 miles of second main, Spencer to Pedro, Wyoming

• Construct 8.3 miles of second main track. Nonpareil to Marsland, Nebraska

• Construct 12.3 miles of grade in 1995 and track in 1996 for second main track, Ardmore to

Joder, Wyoming

• Construct 11.4 miles of grade in 1995 and track in 1996 for second main track, Upton,

Wyoming to Osage, Wyoming
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Figure 3.

• Construct grade in 1995 and track in 1996 for second main track, Dewey to Owens

• Estimated costs of these non-joint line projects in 1995 is $55.8 million.

• Three more segments of main track are being considered for 1996 on joint line and on the

Campbell to Eagle Butte line, as well as Berea to Hemingford between Alliance and Gillette.

By year-end 1996, all of the 127 mile Orin Line will have second main track with 15 miles

of third main track.

The following construction techniques were used.

Grading—Construction involves second and third main track construction with 25 foot track

center. 25 foot center is used to allow construction and maintenance work to be carried out without

slowing or stopping trains. The process used has been to contract the grading, culvert and bridgework

through the design-bid-construct process, with engineering done either in-house or with a variety of

consultants, and then bid packages sent to a list of qualified contractors for competitive bids. The

track and signal work is handled by BN forces. Grading quantities involved with 1994 projects was

0.5 million cubic yards, and 1995 projects will involve 1.5 million cubic yards.

Bridges and Culvert Construction— 1995 bridges on the joint line are designed for E-80 load-

ing and consist of several types construction (Figure 2). Nacco Bridge, over Antelope Creek, utilizes

80' steel deck plate girders with cast in place concrete composite deck on concrete piers founded on

steel H-piles. The remaining bridges are a combination of steel spans and prestressed concrete dou-

ble cell box girders on piers consisting of steel H-piles with precast concrete caps. Culverts and cat-

tle passes are corrugated metal pipes and cast in place concrete boxes.

The Dump Train—This high production aggregate delivery system was very effective, espe-

cially for subballast on the joint line, where the source was a long distance away and trucking was

not economical (Figure 3). A single conveyer delivers fines to a revolving transfer boom, allowing
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Figure 4.

precise placement of the material to the grade or to a stockpile for the contractor to place. Material

is hauled from a Guernsey, Wyoming quarry. The Dump train is equipment leased from Georgetown

Rail Equipment Co. This equipment has been utilized in 25 car consists with one conveyor, and 35

car consists with 2 conveyors capable of unloading the entire train of 2500 tons or 3500 tons in one

hour. It has the capability to make one turn/day from the quarry to the Orin Line.

Track Standards—Construction involves 1 36# rail, concrete ties, crushed granite ballast from

Granite Canyon Quarry at Cheyenne, #20 turnouts at the end of double track, and crossovers utilizing

a combination of swing nose frogs supplied by Yamato, and Nortrack welded heel manganese frogs.

Turnouts for back tracks were #11 's with spring rail frogs supplied by ABC.

Tracklaying Machine (TLM)—New equipment purchased in 1994 was built by Tamper (Figure 4).

In the previous year BN used equipment leased from Herzog. The new equipment is an efficient ma-

terial hauling machine, which is propelled by a Cat 973 crawler loader specially equipped with a hy-

drostatic drive for pace setting purposes. It is capable of pulling 12 concrete tie flats with a days pro-

duction. A gantry system delivers the ties from the tie flat cars to the conveyor system. Continuous

welded rail (CWR) is unloaded ahead of the process and the TLM lays-ties down at the specified

spacing of 2 feet. The CWR is then threaded into place. Clips and insulators are next placed with a

Herzog clip car. Ballasting and surfacing is then completed by conventional methods. The TLM is

capable of laying 4000 to 5000 feet of concrete tie track, with an average of 2000 ties/day. The final

process is the destressing of the rail.

Signal-Construction—New track construction includes CTC (centralized traffic control) with

micro-processor based control points, which eliminate the relay type logic. A RF (radio frequency)

data link, with UHF (ultra high frequency) voice links, eliminates the need for code line, and pro-

vides additional improved response time from the office to the field, as well as improved efficiency

with fewer outages and less maintenance. The new construction for 1995 is also being incorporated

with the BN's new centralized dispatching center in Ft. Worth, Texas.
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RECENT INVESTIGATIONS ON TME LATERAL
STABILITY OF WOOD AND CONCRETE TIE TRACKS

By: Andrew Kish*, Dwight W. Clark**, and William Thompson***

Introduction

The evaluation of the influence of thermal and vehicle induced forces on the lateral stability of

CWR (continuous welded rail) tracks has been a major research concern for several decades. Providing

adequate "track lateral strength" to withstand these loads is one of the key requirements for track

alignment retention and buckling prevention. The growing tendency in the U.S. freight railroad indus-

try toward higher tonnage capacities and heavier axle loads may further impact track lateral stability.

One attempt to provide higher lateral stability has been through the use of concrete ties. Over the past

ten years, CWR wood tie track stability and buckling safety issues have received considerable research

attention by the railroad industry, U.S. Department of Transportation's Federal Railroad Administra-

tion, the Volpe National Transportation Systems Center, and the Association of the American Railroads,

leading to major advances in buckling safety analysis model developments,' buckling safety con-

cepts,- track stability and buckling evaluation studies,' and buckling prevention practices and pro-

grams.^'''' Efforts for the assessment of concrete tie track stability have been initiated recently through

a cooperative government/industry research program addressing the following three topic areas:

• concrete tie track lateral resistance quantification studies

• dynamic buckling tests and analyses of CWR concrete tie tracks

• CWR safety and maintenance process improvement

A major portion of the first topic area has been completed, consisting of three test measurement

programs to evaluate concrete tie lateral resistance behavior. One intent of this paper is to provide the

results of these tests and discuss their relevance and implications on track lateral stability. The sec-

ond objective is to present one railroad's approach to enhance CWR safety and performance through

a comprehensive track buckling prevention program.

Track Lateral Resistance Preliminaries

Track lateral resistance is defined as the reaction offered to the rail/tie structure by the ballast

against lateral movement. As illustrated in Figure 1 a, it has the three components of bottom friction,

side friction, and end or shoulder restraint. As research has shown,' the bottom friction component is

most influenced by tie type and weight, the side friction by crib content, and the end restraint by bal-

last shoulder geometry. Consolidation and compaction, of course, influence all of the three compo-

nents. Measurement of lateral resistance is most easily accomplished through a "single tie push test"

(STPT), which consists of pushing an unfastened tie laterally in the ballast bed and measuring the

load versus deflection characterisfic (Figure lb). A simple measurement device for this purpose has

been developed by the US/DOT's Volpe Center, and used by the AAR and the railroad industry for

both wood and concrete tie track lateral resistance evaluations (Figures 2 and 3). Typical wood tie

STPT resistance characteristics are shown in Figure 4 for weak, average, and strong lateral strength

conditions. The key features of these characteristics are the peak values occurring at srtiall initial tie

deflections, followed by a decreasing or drooping to a limit value, and continuing at a constant value

denoted as the limit resistance. These are also illustrated in Figure lb. As recent analytic studies have

shown," these nonlinear features are important for CWR track buckling strength evaluations. The

Manager. Guideways and Structures, USDOTA'oIpe Center

'Director. Engineering Quality Management, Union Pacific Railroad

Director, Methods and Research, Union Pacific Railroad
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Figure la. Basic lateral resistance components.
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Figure lb. Typical STPT force-deflection characteristic.

peak values, (either in terms of pounds per tie or pounds per unit length of track obtained by di-

viding by the tie spacing), have been established as the descriptors of track lateral resistance. As

Figure 4 indicates, typical values for weak, average and strong wood tie tracks are in the 1000, 2000,

and 3000 lbs/tie range respectively (although in rare instances of highly consolidated, cemented bal-

last, values in the 4(XX)-5(XX) lbs/tie have been measured). Weak tie conditions are generally asso-

ciated with recently worked (tamped, raised, surfaced) tracks, or inadequate ballast section

(crib/shoulder) conditions. Strong tracks typically represent a fully consolidated, good tie/ballast

section condition.

Analytic and experimental studies on CWR track buckling have shown that track lateral resis-

tance is a key parameter in providing the required buckling strength for lateral stability assurance.

"CWR-BUCKLE" model' predictions to show the influence of lateral resistance on buckling tem-

peratures are illustrated in Figure 5 for a 5 degree wood tie track with FRA class 4 line defects. As

can be seen in this figure, there is a substantial increase in buckling strength from weak (tamped), to

average, to strong (consolidated) lateral resistance conditions. This result, although consistent with

industry experience, provides a more quantitative confirmation of the importance of track lateral

resistance.
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Figure 2. STPT measurement on wood tie. Figure 3. STPT measurement on concrete tie.
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Figure 5. Lateral resistance influence on CWR wood tie track buckling strength.

With the recently increased use of concrete ties as a rail support structure alternative, the fol-

lowing lateral strength related issues/questions have been raised by the industry and the research

community:

1

.

How effective is concrete tie track in resisting buckling?

2. To what extent will larger ballast shoulder width increase lateral strength?

3. How weak is recently maintained concrete tie track?

4. How fast does new or recently maintained concrete tie track increase lateral strength with

tonnage?

5. What are the relative buckling strengths of wood versus concrete tie tracks?

The answers to some of these questions, based on three recent track lateral resistance quantifi-

cation tests on the Facility for Accelerated Service Testing/High Tonnage Loop (FAST/HTL) at the

Transportation Test Center (TTC) and on the Union Pacific Railroad (UPRR), are described below.

Concrete Tie Lateral Resistance Tests on FAST/HTL

These tests were designed to address the objectives of:

a. evaluating the basic parametric effects of crib and shoulder width influences, and

b. determining consolidation rates due to freight tonnage accumulation.

The crib and shoulder width tests were conducted on Section 3 of the FAST loop on existing con-

crete ties and granite ballast. The test segment was lamped to provide an initially uniform condition.

Single tie push test (STPT) measurements were made for full crib versus half crib ballast sections at

shoulder widths of 0, 11 and 23 inches. The results are shown in Figure 6, where each data point is an

average of (at least) eight STPT measurements in order to provide a statistically valid representation.

As can be seen, crib content (i.e., half crib versus full crib) shows an approximate 30% loss of
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Figure 6. TTC/FAST concrete tie lateral resistance tests: crib and shoulder influence.

resistance, while a fairly pronounced shoulder width influence is also evident, namely that a 24 inch

shoulder provided an approximate 28% increase in lateral resistance compared to a 12 inch shoulder.

For the consolidation test, a dedicated test segment was constructed on a 5 degree portion of the

HTL-Bypass Track as shown in Figure 7. The 600 foot test segment contained 200 new and 100 used

concrete ties on new AREA #4 grade granite ballast constructed with 16 inch shoulders. The mea-

surements consisted of 15 STPTs per each tonnage intervals at 0, .05, .1, .15, .2, .25, .3, .5, 1.0, 2.0,

5.0 and 9.7 MGT's (million gross tons). Figures 8a and 8b show the fine increment tonnage (small

MGT influence) and the larger interval effects respectively.

TEST ZONE
• 300 TIES

• GRANITE BALLAST
• 16" SHOULDER WIDTH
• MEASUREMENT: 15 STPTs / INTERVAL

Figure 7. Test site description for TTC/FAST concrete tie track consolidation tests.
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Figure 9. MGT consolidation comparison for wood and concrete tie tracks.

As can be seen, concrete ties offer initially higher lateral strength (see for example the tamped

values of 86 lbs/in versus 70 lbs/in), but at higher MGT levels the difference between the two de-

creases. It should be noted that based on the UPRR revenue service quantification studies de-scribed

below, at high MGT levels both wood and concrete ties also exhibited similar lateral strength values.

Ti'ack Lateral Resistance Tests on the Union Pacific Railroad

In an effort to validate the research efforts at FAST, track lateral resistance tests were performed

on the Union Pacific Railroad. The objectives of these tests were to:

• evaluate concrete ties lateral resistance on revenue service track

• perform limited character studies of wood versus concrete tie lateral strength

Union Pacific Experience with Concrete Ties

There are approximately 1,000,000 concrete ties installed across the Union Pacific Railroad.

Concrete ties have been installed in existing mainline track on heavy curvature territories and in new
construction. Approximately 200,000 ties are installed each year in these areas with the P-811 con-

crete tie insertion machine. There are approximately 50,000 concrete ties being installed each year in

new capacity projects.

The overall performance of the concrete ties has been good. The negatives that have been seen

are increased rail wear and some problems with lateral stability.

Test Site Description and Test Matrix

The Caliente Canyon area was chosen to perform tests on the concrete ties to determine the lat-

eral stability. Tests were performed at a total of seven test sites located on the UPRR's Los Angeles

Service Units Caliente Subdivision, between mileposts (MP) 447 and 496 near Caliente, NV. This

section is all Class 3 track exposed to mixed freight, with some coal cars at a typical traffic rate of

40 MGT/year. A summary of the test sites is provided in Table 1 . Site 3, which was defined in the ini-

tial test plan, was omitted during tests due to its similarity with other sections. Tests were performed

by the U.S./DOT's Volpe Center, its contractor staff, Foster-Miller and with the help of UP forces.
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Table 1. Site Description at Test Matrix for UPRR Tests.
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Site 5

Located at MP 475.9, Test Site 5 consisted of UP130 concrete ties with True Temper fasteners.

Track conditions were similar to Test Site 4, with an average ballast shoulder of 16 inches. At the

high rail ends of the ties, the ballast formed voids such that approximately 2 inches of the tie end was

visible and therefore not in contact with the ballast. Track personnel commented that they have had

some stability problems in this site. Track curvature was 10 degrees 20 minutes, with a supereleva-

tion of 5 inches.

Site 6

Site 6 was located at MP 470.8. The ties in this area were CXT concrete design with Pandrol

"E" fasteners. Track conditions consisted of a curvature of 7 degrees, 35 minutes, and a supereleva-

tion of 3.5 inches. The ballast consisted of the copper slag with full crib and an average shoulder of

19 inches.

Site 7

Scalloped ties (CXT 405 1 ) with Pandrol Safelok fasteners were tested at Site 7, which was lo-

cated at MP 473.31. Track curvature was 10 degrees with a superelevation of 1.5 inches. Train speeds

were limited to 20 MPH in this area. The track contained a full ballast crib of copper slag. The bal-

last shoulder averaged 21 inches on both the inside and outside of the curve.

Site 8

Site 8 at MP 447 consisted of Nucor UPR 230 dual-block ties with Pandrol Safelok fasteners.

The ballast conditions were similar to Test Sites 1 and 2, i.e., copper slag with fine particulate. This

site had been recently tamped and consolidated within a few days of testing and had seen less than

0.5 MGT of traffic. Track curvature was 1 degree, with a ballast shoulder averaging 24 inches.

Test Results

A total of 56 STPTs were conducted at the seven test sites. A complete sununary of the results

is provided in Table 2. The following observations are evident:

Table 2. Tests Results Summary for UPRR Tests.

= 4000 -

< 3000 -

K 2000
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1

.

The high tonnaged (over 100 MGTs) cemented ballast of Sections 1 and 2 exhibited similar

high resistance values of over 5000 lbs/tie for both wood and concrete ties.

2. The 5-7 MGT segments (Section 4, 5 and 6) showed similar average values of 3100, 2800

and 3100 lbs/tie respectively.

3. Special design ties, the scalloped and the dual block ties showed 3800 and 3300 lbs/tie

respectively. (NOTE: differing consolidation conditions).

4. Site 6 measurements also afforded a ballast shoulder width assessment. These are shown in

Figure 10 where the benefits of increased shoulder widths are evident by a 20% increase in

lateral resistance for a 12 versus 24 inch shoulder.

Practical Implications on UPRR Practice

As a result of the work performed in these tests, a recommendation was made to establish a min-

imum eighteen inch ballast shoulder width standard on concrete ties. That recommendation was ac-

cepted and has been implemented on all new concrete tie construction and in surfacing on concrete

tie track. A second area where the research has had an impact is an improved understanding of when

slow orders account track work can be increased. With the service commitments getting more and

more time sensitive, it is becoming extremely critical to reduce speed restrictions at the earliest pos-

sible time. Having the knowledge to know when it is safe to increase the speeds is essential. A third

area is an improved maintenance database. The more information that we can obtain about track sta-

bility, the better our decisions will become.

UPRR Track Buckling Prevention Program

Goals of the Track Buckling Prevention Program

The goals of track buckling prevention at Union Pacific Railroad are not any different than any

other railroads. They are:

• to improve the safety of the track structure

• to improve customer satisfaction

• to reduce failure costs due to track buckling derailment

5000

-> 4500 -

2000
16 18 20

SHOULDER (in)

Figure 10. Union Pacific lateral resistance tests: shoulder width influence.
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Components of the Program

The foundation of the track buckling prevention program is divided into three components:

• Research

• Inspection and Maintenance Practices

• Training

These three components have made a significant impact at Union Pacific Railroad. The people

performing the inspections and maintenance practices question, "What is causing a particular condi-

tion to take place?" Research then takes place to identify the causes and provide an explanation to

answer the questions. Once the explanations have been defined, training is developed to provide an

understanding to the maintenance personnel. The maintenance people now have the knowledge of

what is happening to be able to inspect for the cause and/or repair the cause.

Research

The lateral stability research that has been performed has been adapted and implemented into the

maintenance practices and standards at Union Pacific. The research efforts have provided valuable in-

formation to the maintenance practitioners. There are a number of research activities that are currently

taking place on the Union Pacific that will help provide a better understanding of the track structure.

Some of the future areas where research will further add to an understanding of or may impact

track lateral strength are:

• the track stability of newly installed concrete ties

• heavy axle load consolidation influences

• alternative tie design and ballast materials

• vertical stability assessments

• lateral and vertical load measurements

• steerable trucks for cars and locomotives

• improvements in the quality of turnouts

Inspection and Maintenance Practices

Continuous Welded Rail extends the life of track material, reduces material costs and increases

safety. Inspection and maintenance of the CWR is critical to the ultimate performance of the track

structure.

Physical inspection of the track structure is a key element to preventing track buckles.

Identification of locations where track buckles could occur prior to failure is critical. When potential

areas are identified, preventive maintenance can be performed.

As temperatures increase, the eyes of the track inspector become a critical component in the

prevention of track buckling. Regular inspection during the hottest parts of the day greatly reduces

the risk of buckling. The inspector must carefully look for areas where significant changes in stabil-

ity and alignment of the track structure are apparent.

Just as critical as the inspection process is the maintenance of CWR. The maintenance ofCWR
requires:

• a trained maintenance staff

• an understanding that maintenance greatly impacts buckling potential

• an understanding that maintenance in cold weather will impact performance in warm weather

• an understanding that periods of increasing temperatures require careful, detailed mainte-

nance practices

• an understanding that anchors on conventional track and elastic fasteners on newer track play

a critical role in minimizing track buckles
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• an understanding that gauge or alignment variations in warm weather can greatly impact the

buckling potential

As an aid to the inspection and maintenance process, Union Pacific has developed a computer

program to help in identifying locations where the track could be subject to a failure. This program

is called the Thermal Misalignment Prevention System (T-MAPS). T-MAPS is a computer based pre-

diction system that helps in analyzing track buckling data. This system has been piloted, but not fully

implemented, at the time of this paper.

The system was designed as a protective system that has the capability of identifying potential

critical areas and making recommendations for track inspection and maintenance. This system has

the capability if allowing the user to do the following things:

• display track information

• forecast track buckling potential

• identify track locations that require careful inspection

• gather track buckling data

Training

In 1987, a training video titled Rails that Grow and a Track Buckling Prevention Manual was

developed. The video and manual were updated in 1989. After 6 years of viewing this tape, a deci-

sion was made to develop a new preventive maintenance course on track buckling.

A team at Union Pacific was formed to develop preventive maintenance training. The team

consisted of people from the technical training department and track maintenance professionals

from all levels of the organization (including Foreman, Managers, Directors and Chief Engineers).

The team had the full support of Union Pacific Management. The team had a wide variety of expe-

rience, skills and the ability to discover the real needs of the field forces. The result of this effort is

a state of the art training package on track buckling prevention. This package consisted of an inter-

active video instruction (IVI) training program that was in English and Spanish called "How to

Prevent Track Buckling" and a manual with the same title. The manual was designed using instruc-

tional design methodology. This new program has been very effective and widely accepted by the

people.

The interactive video was selected as the training media due to the following factors:

• it requires half the time for training the same material content

• it promotes a faster learning curve

• it promotes a greater learning gain

• it is more consistent than traditional training

• it provides better retention

The deliverables that have been achieved are:

• a training course that takes anywhere from two to four hours to complete

• a Spring/Summer or Fall/Winter path

• a flexible cost effective method of training

• an English and Spanish version of the IVI course

• a manual that is in English and Spanish

The course is designed to provide the whats, whens and wheres of track buckling and takes the

mystery aspect out of the equation. The course and manual provide an understanding:

• of the track buckling concepts

• of how to inspect the track structure for potential problem areas

• of how to protect or repair the track structure to keep a track buckle from occurring



StarTrack?
The railroad problem in your backyard might seem as tough as

building a line on the moon.

A&K welcomes your railroad material problems as our challenges. A&K
provides more than just materials. We offer real "Rail Solutions". A&K problem
solvers understand that we need to do more than offer quality new and relay

track materials, welding services, panelizing, accessories and track

removal. We must also give the best service .

A&K does it all. A&K has it all.

Even if your rail problems seem
as big as the universe ... A&K's "Track Stars"

will find an on-time solution.

Call an A&K problem solver today.

© 1993 A&K Railroad Materials Inc.

A&K Railroad Materials, Inc.

Corporate Headquarters

1 505 South Redwood Road
P.O. Box 30076
Salt Lake City, Utah 84130
Phone: (801 ) 974-5484 or

Toll Free: (800) 453-8812

FAX: (801) 972-2041

RAIL SOLUTIONS On-Time!. . .On-Track!

^'



he Hidden

nemy. .

.

You can't always see the enemy lying

beneath the surface - fouled ballast

waiting to combine with moisture to

destabilize your track.

A regular program of shoulder ballast

cleaning helps keep your ballast

performing as it should. This stand-

alone operation provides many
important benefits including:

• Extends time between costly

surfacing cycles.

• Increases life of track components.

• Helps eliminate the need for

expensive undercutting operations.

The Loram Shoulder Ballast Cleaner,

along with the Loram Badger Ditcher,

are your keys to a complete , cost-

effective drainage maintenance

system. To learn more about how you

can maintain the stability of your track

structure, contact:

Nobody builds it tougber.

Or services it better.

Loram Maintenance of Way, Inc.

3900 Arrowhead Drive

P.O. Box 188

Hamel, Minnesota 55340

Telephone (612) 478-6014

Telex 29-0391, Cable LORAIVI

Fax (612) 478-6916



264 Bulletin 752—American Railway Engineering Association

The target population of 3,000 employees that this course is designed for are spread across nine-

teen states. rVI devices are located at crew change points across the system for training. In addition, there

are mobile units that are used to take the training to the people in the field. There are twenty-four of these

units that are placed in two semi-trailers and in utility trailers that can be pulled by a pick-up. Instead of

having the individuals spending their precious time traveling to the training, the training is deUvered to

them.

Results of the Track Buckling Program

Training, along with the entire buckling program, has made a significant impact in decreasing

track buckled derailments. Over the last five year period, there has been a successful trend to reduc-

ing failure costs associated with track buckle derailments.

In 1990, track buckle derailments were costing Union Pacific $5.2 million dollars and in 1994,

the result of the track buckling prevention effort was $73,000. The track buckling program has made
a significant improvement in reducing the failure cost associated with track buckle derailments. Even

though the last five year results have been excellent. Union Pacific will continue to make improve-

ments to the program. Continued research in the track buckling prevention area is critical for the con-

tinuous improvements to take place.

Conclusions

Based on the results of the above described track lateral strength quantification tests and sup-

portive analyses, the following conclusions are presented:

1. Wood and concrete tie tests on highly consolidated Union Pacific track exhibited similar

peak lateral strengths on a per tie basis.

2. Effective strength (i.e., per unit length) of wood ties in such cases is 20% higher due to the

tie spacing difference.

3. Union Pacific curved concrete tie track at a 7 MGT consolidation level had an average re-

sistance of 3000 lbs/tie. Based on "CWR-BUCKLE" model predictions for high degree

curves with ERA Class 4 line defects, this resistance should provide adequate buckling

strength for rail neutral temperatures above 80 degrees F.

4. Shoulder width increase from 12 to 24 inches results in a 20-30% increase in peak resis-

tance. "Dynamic uplift" makes this even more significant.

5. New or recently maintained concrete tie track appears to have higher initial resistance than

wood tie track, therefore a higher initial buckling strength. "CWR-BUCKLE" model pre-

dictions estimate this increase in initial buckling strength to be in the 10-20 degrees F range.

6. Although differing in initial (tamped) strengths, both wood versus concrete tie track tend to

exhibit similar initial consolidation rates.

7. As a result of these tests a recommendation was made to establish an eighteen inch shoulder

width standard on Union Pacific concrete ties. That recommendation was accepted and has

been implemented on all new concrete tie construction and in surfacing on concrete tie track.

8. The keys to a successful track buckling prevention program are:

• Senior management's support and commitment for the program

• A trained inspection force capable of locating potential buckling conditions

• A trained work force capable of performing the preventive maintenance

• Dissemination of research results into useful understandable materials that the mainte-

nances people can use

• Continuous improvements efforts that produce processes that aid in the prediction and in-

spection of track stability
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The Union Pacific Railroad results indicated a successful trend in reducing failure costs asso-

ciated with track buckle derailments over the last five years. Even though the last five year results

have been excellent, this program will continue to make improvements. Continued research in the

track buckling prevention area is critical for this continuous improvements to take place.
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I CAN'T BELIEVE IT HAPPENED TO ME
By: A. J. Cloutier*

I appreciate the opportunity to address such an impressive group of professionals, especially on

a subject so important to all of us. When Keith Nordlund, Roadmasters President, first approached

me with the possibility of giving the Roadmasters and Bridge & Building (B&B) presentation at this

conference, I questioned why it was done via the fax machine and not by the far more personal phone

call. However, once the proposed topic of employee safety was mentioned I knew why Keith was a

little standoffish. You, as the engineering department representatives of your various railroads and

suppliers, have been inundated with information concerning the topic of safety at various confer-

ences, in publications and in your work places for your entire careers. It is well known to everyone

in this room that employee safety is a challenging topic for anyone to discuss. This topic has been

covered before by much smarter and more eloquent speakers than myself, however, I would like to

take a look at safety from the employees' perspective.

A fellow Amtrak employee, upon reading the title
—

"I can't believe it happened to me"—in-

quired if it reflected my feeling when asked to make this presentation.

Now we have all heard this expression and others many times before during our careers—ex-

pressions such as:

• I can't believe it happened to me.

• I can't believe it happened to him.

• I can't believe it happened to him. He is always so careful.

• I can't believe it happened to him. He is our best operator.

This presentation's perspective on employee safety is based on a real life event. Shortly after I

was asked to represent the Roadmasters and B&B Association at this conference, one of my em-

ployees was struck by a train on December 12, 1994, at 10:57 a.m. to be exact. What visions flashed

in your mind? I obviously cannot show you pictures of him being hit, but I don't have to; your minds

just did it for me. I can, however, show you where it happened.

Figure 1 is a view of the site facing west. Two employees were working at the switch in the

foreground.

Figure 2 is a view looking east. The switch is under the bridge. The train came from this direc-

tion.

Figure 3 is a close up of the area still looking east. Nothing unusual here. The employees were

cleaning debris from the switch point area, one was standing in the gage of the track and the other

was standing outside the north rail. The men were facing each other. One was shoveling the debris in

the crib area under the rail to the outside. An engine approached shoving two cars and hit the em-

ployee in the gage. No one was riding the leading car.

Figure 4 is a view looking west. The employees would have had much the same view. Note the dis-

tance from the cars. These cars are in approximately the same place as the cars were on December 12.

The facts, as determined by injury investigation, were that this area was not high speed terri-

tory. Train speed was between six and seven MFH on welded rail. There was no distracting back-

ground noise. Temperatures were cold, eighteen degrees Fahrenheit, with a wind-chill factor of below

zero. One employee had on a helmet liner; the other had his hood over his hard hat. A restricting signal

Division Engineer, Amtrak
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Experienced Employees

Train Speed - Not a Factor

Signaled Territory

Figure 5. Commonalities to

employee injuries.
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1

More of the "It can't happen to me" theory—I have done it this way a thousand times before like this

and never gotten hurt. Our employees are getting hurt performing the simplest of tasks: lifting, twist-

ing, bending, or being caught between or struck by objects.

Speaking of injury types, I have a thought concerning the employees' perspective. I am sure

everyone in this room can define an injury. The American Heritage Dictionary defines an injury as

"physical harm to a person." Well, that's kind of a broad definition. Yet most railroads have a safety

rule that requires employees to report all injuries. This is drilled into their heads from the time they

are hired. However, when the employee reports the injury to comply with the safety rules, it is looked

upon negatively by his or her managers. This contributes to the employee's confusion. For example,

an employee bruises an arm and reports it in accordance with instructions. The employee's perspec-

tive is that management is then sent out to investigate the injury with the intent of finding a rule vio-

lation. Most often the employee is blamed which is exactly what the employee knew would happen

when the injury was reported. Now, conversely, what if the employee decides not to report the injury

immediately and later it swells up to the point of concern so the employee now reports the injury. In

some cases the employee is charged for violating a safety rule in that he or she was late reporting the

injury. The employees perceive that their supervisors believe the late report must mean the employee

has something to hide, like drugs or alcohol abuse was involved, or that maybe the injury did not even

occur on railroad property. This example is a classic case of catch 22. All of this reinforces the em-

ployee's confusion of what his or her supervisors really expect them to do.

Here is an example, non-railroad related, that might help to highlight the confusing gray area

of injury reporting—the classic smashed finger. You are at home using a hammer, working on a proj-

ect, when unexpectedly the hand swinging the hammer goes berserk and smashes one of the fingers

on your other hand. Do you report it? Hell no, you're angry and too embarrassed, but later the finger

starts to swell up and you get concerned that it could be broken. You now have to tell your significant

other and then you go seek medical attention. Our employees really don't want to report every inci-

dent that happens. Is that our intent? Are we, as managers, sending mixed signals that contribute to

the confusion? I am not suggesting that we cover up injuries or that employees share no fault. I am
trying to make you aware of the confusion we fuel with inconsistent handling of injury reporting. Our

goal must not be to find guilt. Our goal must be to instill in our employees the proper attitude toward

their work habits and to stay aware and alert while performing their duties.

Safety is often mentioned as common sense. I disagree. The American Heritage Dictionary de-

fines common sense as "having or exhibiting native good judgment," noting that the use of the words

"good judgment" means a thought process involving considerations and deliberations. The example of

common sense I like to use is that of Amtrak's practice of a walking track inspection on the corridor

between Washington and New York. As most of you know, this is done because the density of train

traffic prohibits inspections from on track vehicles. The organization that represented this particular

craft felt that it was unsafe for only one person to perform these inspections. They felt that it would be

much safer having two employees performing walking track inspections. Common sense would indi-

cate that one could watch out for the other if one had to tighten a bolt for example. I ask you what is

the first thing that two employees walking the track start to do? You're right, they start talking—about

sports, politics, their families or maybe even the railroad itself—thus distracting them from the task at

hand and diluting their awareness. We found, in fact, that the inspector was much less likely to be pre-

occupied when he was by himself. So much for the common sense approach. The awareness factor

plays a very large part in injury prevention. It is proven true at every derailment, snow storm, flood,

earthquake, or any emergency situation. Employees are asked to perform their job under pressure in

sometimes very dangerous situations, yet a very small percentage of injuries occur under these rig-

orous circumstances. What I would like to suggest is that employees heighten their mental alertness

and awareness during these circumstances; however, they often let their awareness slip when the clear

and present danger has passed. A clear example of this is when they slip on a patch of ice two or three

days after a snowfall. Another example of employee awareness preventing injuries is Amtrak's night
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maintenance work. While Amtrak does do some maintenance work during daylight hours, most of our

maintenance work is performed at night. Common sense tells us night time operations appear less safe

based on restricted vision, if nothing else. However, from personal experience, the majority of the in-

juries sustained are during daylight hours. I contend that this is based on the awareness factor.

We must focus our attention on the "experi-

enced" employee. There are programs and philoso-

phies out there that do work. This presentation is not

meant to serve as a doctoral thesis on the subject of

preventing employee injuries. However, the follow-

ing is a brief list of practices that have been proven to

work in heightening employee awareness. All or part

of these practices (Figure 7) should be included in

each railroad's engineering department, division, or

district's Safety Action Plan. This plan assures that

management and each employee knows what is ex-

pected of him or her and is essential in the avoidance

of any communication confusion.

Safety IS Part of the Plan

Safety Committees

Job Safety Analysis

Training

Exercise

Reward for Performance

Figure 7. A brief list of practices.

Safety is part of the plan

As we must consider manpower, material, tools and equipment, we must make safety part of

the plan.

This cannot be an afterthought, it cannot be done in a hurry. The employees must be shown that

management cares enough about their safety to stop and discuss injury prevention specifically and

exclusively before starting work.

Employees must visualize performing the job safely.

Safety committees

Monthly meeting are only a small part.

These employee committees should be assigned tasks to address real employee concerns.

Have the employee committees be part of the solution. They are a direct conduit to their peers.

Job safety analysis

Job safety analysis (ISA's) assists management and employees in looking at jobs people do in

order to identify hazards involved in that particular job.

Training

Training must involve anything that could prevent injuries, such as tools, equipment, procedures

and practices.

Exercise

Before work, do warm-ups. The statistics, previously mentioned, indicated that age was a com-

mon factor.

Exercise has been effectively used to combat the high number of strains and sprains previously

cited.

Rewardfor performance

Recognize the employees efforts in working safely.

These are the proactive approaches. If you do not use them, it will necessitate using other tech-

niques (Figure 8).
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Safety Flashes

Investigate Near Misses

Investigate Injuries

Review Injuries at Employee
Meetings

Job Performance Review

Figure 8. Other techniques for employee safety.

Safety Flashes

If an injury occurs, get the facts out

ASAP!—before rumors start and a cover up is

perceived when the real facts are finally put

forth. Use flashes to notify employees of

proper and improper work practices. Although

I have put this on the negative reinforcement

side, in many cases it can serve as a positive

tool as part of an overall safety program.

Investigate near misses

Do this with the same intensity as an ac-

tual injury investigation.

Publicize these near misses in Safety

Flashes.

Investigate injuries

Investigate injuries not for punitive reaction but for injury prevention action.

Review injuries at Employee meetings

Hold daily, weekly, and/or monthly safety meetings to get the who, what, when, where, why

and how, to the employees in the field.

The CSX Transportation Company has overlapping meetings from the chief operating officer

down to the track laborer until each employee has the opportunity to attend a safety meeting.

Job performance review

This practice sits the employee down with their supervisors and a representative of the safety de-

partment to discuss their injuries, their job performance and what is expected of him or her in the future.

I do not have time to discuss all of the areas mentioned, but I would like to address a few in more

detail. First, the meetings. We, as managers, have a captive audience daily. Politicians would like to be

so lucky as to be in our shoes. At our daily safety meetings and job briefings, we should take the time to

discuss our safety goals and agendas. We need to publicize what has been done and is being done to make

the railroad a safe place to work. When is the last time you attended a daily safety meeting? If you attend

regularly, I would bet you have a good safety record. If not, then you probably fit into the perception

problem as viewed by your employees—all talk, no action. Realize, however, that when you do attend,

you must be prepared to respond to employees' concerns. Place a little of your own personal concern onto

the table. Show you really are human. Above ail listen. Yes, it is a commitment. But to the people in this

room who have made such a commitment, the rewards have been realized. This does take time out of

your otherwise busy schedule, but are you really interested in the safety of your employees? Please be-

lieve your attendance and listening go a long way in improving your employees' perception of your com-

mitment to safety. Besides, it gets you out of the office, and for a good reason to boot!

Next I would like to address safety committees. I receive the minutes of three safety committees.

The district safety committee that I attend encompasses all operating departments, the transportation

committee, and the engineering committee, which I chair. A common thread of all these committees is

that they tend to focus on things. My entire bridge and building department would need no other projects

if I were to assign them the three safety committees "projects." I am sure this represents some safety com-

mittees. The reason for this is obvious. Their items can be easily fixed and show immediate feedback to

their peers that the committee was successful in getting things fixed. These committees must re-focus by

going back to what we know has proven to work. Now please don't conclude that I am against safety

committees. I am not. In fact, I am in favor of using them as another tool to prevent injuries. However,

they are not the be-all and end-all answer. They need our leadership and focus. We cannot just walk

away from them as managers. They are a direct link to the employees. They most often represent a cross

section of the employee population, therefore, they can get the word out on safety most effectively.
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One Roadmaster's Approach

Lessons / Examples

Communication / Discussion

Requirements / Recognition

Implementation

Figure 9. A roadmaster's commit-

ment to his employees' safety.

Now, I would like to show you the approach used by my electrical department roadmaster, which

is "safety must become part of the plan."

His philosophy is simple. I quote "the possibilities for creating and maintaining a safety program

in any department are directly related to it's emphasis,

commitment of the managers, and communication to the

crews of the expected results." The proof of his success-

ful implementation is the department's safety record.

Since he has taken over the department, it has recorded

1075 days and 1788 days without an injury. Maybe it is

awareness by everyone in the department, because if they

are not aware, the consequences can be devastating. It is,

however, supported by the roadmaster's commitment to

his employees' safety (Figure 9). His approach is based

on the following:

Lead

The rules are for everyone. We can not be so busy

that we exempt ourselves from the rules.

Lessons/Example

You set an example and deliver a lesson each and every time you communicate with your crews.

Communication/Discussion

Have a monthly or weekly face to face meeting with the employees.

Have open discussions of near misses, changed conditions, broken equipment, etc.

Communication is only complete when you insure that the message sent equals the message re-

ceived. The more complex the message, the more confirmation is necessary.

Requirements/Recognition

If the crews have done a good job, say so.

Reinforce correct methodologies.

If you demand a level of safety, you will achieve it.

Set the goals high.

Remember, what you check will be the priorities of your crews.

Implementation

Each time you organize a job, identify the hazards that will be encountered, then make your re-

quirements known to the crews. Finally, the roadmaster states, "Your emphasis, that safety is equal to

all other parts of the job, and your follow-up to ensure compUance will reap large dividends."

Management must set the example. We caimot condone an action by our in-actions, by walking

past someone performing an unsafe act because it would be uncomfortable for us to intervene. We can-

not tolerate unsafe acts. It's the old story—our employees will perform at the minimum level expected

of them. We, as managers, must be proactive, not reactive. Our actions, along with the proper question-

ing approach, will show the employees that we are genuinely concerned about his or her well being and

we are not just talking safety. We must be consistent. If one manager walks by an unsafe act and the

next manager who passes by takes corrective action, the employee gets mixed signals. Inconsistencies,

as you know, have serious consequences. We must take the time to correct an unsafe act, because it will

pay off in less employee injuries. One final note on this area is that if, during your discussions, you say

you will do something, you must do it. We must do what we tell our employees we are going to do or

we lose our credibility.

The employees have their own responsibilities. Our employees must be made aware that it is

their own act or omission which almost always results in an injury. They must be reminded that,

within their sphere of influence, they are responsible for assuring the work is performed safely, and
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also that they will be held accountable for it. They cannot use the cry of safety as an unreasonable

excuse in not performing their duties.

Now, some comments on training. Everyone here realizes the benefits of training. The Road-

masters Association has chosen Training for the Nineties as its theme. We have created a separate train-

ing committee, as many of you in this room are aware. That's how important our organization feels

training is. Our industry's training needs are constantly changing and our demands are great. As an ex-

ample, we will put forth a large effort in the training of our employees when the new FRA Track Safety

Standards are issued. Obviously, the training of our employees to plan and perform work safely is of

paramount importance, yet it is very much like the area of research and development. You know it's im-

portant, but the amount of money available for training is less than we would like. If we do not prop-

erly train our employees, we will spend a lot more money later in trying to figure out what went wrong.

Our industry is getting more and more high tech. We cannot afford to have the "way it was done twenty

years ago" passed on to today's employees because we lack formal training programs. Training does

cost money but consider it an investment in the future.

I cannot stand here and unequivocally state that safety incentives work in all cases. However, there

is evidence to suggest that from the employees' perspective, the reward for performance programs does

heighten their awareness and has been successfully received, but they must be timely. Recognition can-

not be given six months after the fact. It dramatically lessens the impact. Our goal should be not to get

hurt and these programs have proven to change attitudes and to raise awareness and alertness to injury

prevention. Most railroads do have some form of reward for performance programs that are in effect,

so there must be some benefit realized by their use. In addition, if instituted properly—which is no easy

task—with proper controls, these programs do promote teamwork to achieve a common goal. They are

not, however, a panacea so management can walk away from their responsibilities.

Preventing employee injuries and improving employee safety is a never ending process. The rail-

road can be a safe place to work but employees and management must each do their part. Working safely

must become part of our industry's culture as it has with some of the railroads represented in this room.

Finally, I have selfish reasons for wanting to prevent injuries. I do not want a mother, a wife or other

family member afraid to have their loved one work on the railroad because it is perceived as an unsafe

place to work. I thank you on behalf of the Roadmasters and B&B associations for the opportunity to

speak on a topic of such importance to us all. I hope I have given it some justice.
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Introduction

Purpose of the Paper

This paper summarizes the Proceedings: Symposium on Elastic Track Fasteners, a Special

Session of American Railway Engineering Association (A.R.E.A.) Committee 5 (Track), Subcom-

mittee 4 (Track Design), held on June 3, 1992, in Omaha, Nebraska.

Background

Committee 5, Track, was assigned the task of developing guidelines for elastic fasteners on

wood ties. The industry had concerns that translation of elastic fasteners from non-wood track struc-

tures (concrete ties, direct fixation fasteners) would have hidden problems for wood tie track struc-

tures. Your Committee determined that it required expert opinions on track loading, clip design, manu-

facturing and in-track performance. The Committee, therefore, solicited speakers for the Symposium

on elastic track fasteners.

The Symposium gathered constituents from the railroads, research organizations, consultants,

manufacturers and suppliers for a day-long exchange, ranging from the pragmatic to the theoretical.

The Symposium had three panels:

• Track Loading

• Design of Elastic Fasteners

• Installation, Maintenance and Performance of Elastic Fasteners

This paper summarizes the Symposium's proceedings.

Presentation Order

This summary of the Symposium's proceedings is in the following order:

• Definitions

• Elastic Fastener Requirements

• Elastic Fastener Characteristics

• Track Loads

• Rail Fastener Design Issues

• Installation and Maintenance

• General Comment

• Acknowledgments

Deflnitions

The elastic fastener definition for this paper is a system that elastically holds the rail to a tie

plate or other support. All elastic fasteners use elastic clips, sometimes called spring clips. The sys-

tem may contain bolts (a threaded system) or not (threadless system). For wood ties, the elastic fas-
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tener system is comprised of a spring clip, a tie plate (the method of attaching the clip varies with the

design and may include another component for attachment) and tie plate hold down screws or spikes.

For concrete ties, the elastic fastener system generally consists of a pair of spring clips, a pair of in-

sulators, a tie pad and a clip retention shoulder embedded into the tie.

The technical issues in this discussion cover rail clip requirements for most applications such as:

concrete tie applications, wood tie applications, in uses with resilient fasteners (generally in tunnels

and on aerial structures), and in zero longitudinal restraint applications (generally on aerial structures).

We use the term "Resilient Fasteners" for elastomeric plates between the rail and support,

sometimes also called an elastic fastener, but distinct from the elastic fasteners as defined for this

paper's purposes.

Elastic Fastener Requirements

The requirements for each elastic fastener application vary, of course. However, the requirements

for rail retention and life-cycle performance are similar enough to be generically treated. The require-

ments may apply selectively to specific cases or have different emphases appropriate for each need.

The primary requirements for elastic fastener systems are' (all references are to papers in the Pro-

ceedings: Symposium on Elastic Track Fasteners, June 1992): to hold track gage, to resist rail rollover,

and resist longitudinal rail movement.

The rail clips and associated components must also meet a series of requirements that imbue

confidence that the system is reliable within the railroad's practices. These requirements include:

• Life expectancy—Retention of design characteristics over a reasonable service life under all

conditions of loading and environmental exposure,

• Low maintenance demand—Ease of installation and ease of maintenance, and

• Compatibility with other maintenance operations, with existing tools, and with existing rail-

road components (rail, ties, joints, etc.).

Although not a requirement, another desirable feature is continued function in derailments. This

would include low exposure to wheel damage and a high probability of maintaining function if hit by

a derailed wheel.

We will provide more specifics on these requirements later in this paper under the headings of

Rail Fastener Design Issues, and Installation and Maintenance. For the interim, these requirements

generally dictate that the fastener system must be confined to a compact envelop to avoid exposure

to ballast operations and derailed wheels while providing resistance to loads and vibrations over the

expected life of the installation.

First, a review of elastic fastener characteristics is important in understanding how these designs

go about meeting the expected performance requirements.

Elastic Fastener Characteristics

An elastic rail clip is essentially a spring; it deflects elastically under load, returning to the ini-

tial position when the load is removed.

Rail clips have a characteristic load-deflection curve like any other spring. This characteristic

curve governs the clip's restraint to rail rotation and longitudinal forces.

Figure 1 shows measured load-deflection curves for three threadless fasteners from different

manufacturers (brands "X", "Y" and "Z")^ along with a load-deflection curve for a threaded fastener'.

(Note: these curves are samples of data for illustration and may not be representative averages for

each fastener.)
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The essential information from these curves is

• the designed working point of the clip (load-deflection state after installation),

• the elastic limit of the clip, and

• the spring rate (slope of the load deflection line).

Figure 1 shows the design working points and elastic limits. Figure 2 shows the measured

spring rate of these clips.

The point chosen for the load-deflection state is the clip's "toe load," the load the clip places on

the rail base to restrain longitudinal and rail rotation forces. The clip's ability to incur rail rotation

force above the toe load value is the portion above the installation state up to the elastic limit. This

characteristic curve portion above the installation state is the working range of the clip. Figure 3 il-

lustrates these concepts using the clip labeled "Brand X" in the preceding figures.

Rail Clip Load-Deflection Curves
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Load (lb.)

Figure 1. Typical Rail Clip Load-Deflection Curves.
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Clip Load-Deflection Characteristics

Figure 3. Typical Rail Clip Performance Characteristics.

Note that the threaded system used in this illustration uses a deflection limiting stop near the

clip elastic limit.

The basic concept is a system design that maintains a consistent elastic (spring) resistance with-

out permanent deformation, preferably over as large a service load range as practicable. Designers

strive for an accommodating elastic range below the yield point or by deflection limiting designs

(such as mechanical stops).

The design load, or toe load, is less precise than indicated in the foregoing illustrations. The de-

sign toe load is for the nominal geometries of mating rail and other components (varying by the spe-

cific application). However, these mating components have manufacturing tolerances. The clips

themselves (materials and geometries) also have manufacturing variations. These variations change

the deflection of the installed clip, which in turn affects the actual toe load and working range which

was described earlier. The characteristic curve describes these interrelationships.

Figure 4 shows the effects of the typical range of accumulated tolerances (effectively ±1/16")"

on toe loads and clip working ranges.

Figure 5 illustrates that the actual toe load is less than the designed toe load when tolerances

accumulate to a minimum, but the working range for loads and deflections actually increases.

When tolerances accumulate to a maximum, as illustrated in Figure 6, the actual toe load is

greater than the designed toe load, but the working range is reduced.

Figures 5 and 6 illustrate that tolerances affect the available toe load. For installed deflections

below the design value, the installed toe loads may be significantly lower (-16%), and restraint per-

formance less than expected. The extreme values will have a low probability, but will exist. The var-

ious tolerances tend to accumulate around the intended design toe load.

Figure 6 also illustrates that if all tolerances accumulate towards the high side of the character-

istic curve, there is very little load capacity before the clip material reaches its elastic limit.' If sub-

sequent loads from traffic cause the material stress to go above the elastic limit, the material will per-

manently deform and thereby change the shape of the characteristic curve. Rupture or onset of fatigue

is probable if loads in the clips are significantly above the elastic limit. Some system designs that in-

corporate deflection limiting stops may accommodate loads above that range without permanent de-

formation.
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Some people argue that small excursions above the elastic limit are beneficial by producing

work hardening of the steel (from the Baushinger Effect)'. However, the load capacity of the mater-

ial to failure above the elastic limit is slim in toughened steels (typical rail clip material).

It bears repeating that the concept is to have an elastic "working range." The conservative view

is that designs should avoid creating stresses above the material's elastic limit where performance is

unpredictable.

Tie pads or other elastomers can further affect actual toe loads. Tie pads deflect under wheel

loads. That deflection causes a partial release of the spring force in the clip.' The characteristic curve

shows the effect. Figure 7 provides a typical example, using our "Brand X" clip.

Track Loads

The important track loads for track fasteners are the LA^ Load Ratio (ratio of the Lateral Wheel

Load to the Vertical Wheel Load at the rail). Longitudinal Rail Loads, and Lateral Rail Loads. The

vertical wheel load plane has importance to fasteners mostly as a component of the LA' ratio. Vertical

load affects tie stress and rail uplift in the precession wave.

UV Ratio

The LA'^ Ratio dictates loads on the clip to resist rail rotation (rail motion towards overturning).

The LA' Ratio value determines lateral loads on the fastener hold down (wood ties) or shoulder (con-

crete ties).

The clip will not be loaded until the vector resultant of the two LA' loads falls outside the rail

base* '(Figure 8).

Figure 8 shows that this condition will be more severe on the low rail, with a rail roll initiation

LA' at about 0.4'°" as a result of typical wheel placement. On the high rail, rail roll initiation LA^

ratio is 0.6'^ to 0.8". Roll initiation starts at lower values when pads are present.
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Figure 7. Effect of Pad Deflections.
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RESULTANT FORCE RESULTANT FORCE

Figure 8. Typical Position of Wheels on High and Low Rails with LA^ Ratios.

(D.M. Read, Figure 4, p. 7)

The roll initiation criterion is based on the simplifying assumption that the rail is discontinuous

(not connected longitudinally). In reality, the rail is continuous and torsionally stiff longitudinally.

Rail overturning restraint comes from the rail fastenings on adjacent ties and adjacent wheels.

Truck spacing''' " on the vehicles affects the rail fastener loads. An example of the effect of truck

spacing is under articulated equipment (with 50 foot centers between adjacent trucks)"' where a se-

vere gage spreading condition is possible. Tests on articulated equipment have measured truck-side

LA' ratios of 0.43 that produced railhead lateral displacement of 0.6 inches and a rotation of about 5

degrees."

The rolling stock's curving ability influences rail loads'* as well.

From a series of Canadian measurements under a full range of traffic on 6° curves, low rail

heads displaced 50% to 1(X)% more than the high rail heads (Figures 9, 10)".

The Canadian National found that fastener fatigue testing requires LA' ratios of 0.52 (previ-

ously 0.36) to replicate observed field damage.'"

Longitudinal Loads

Rail fasteners resist longitudinal load differences across a rail seat such as under traction forces

or where rail temperature varies with sun/shade along the track. Stated another way, there is little or

no force on the fastener when the rail internal force is in equilibrium across each tie.

Internal (thermally induced) rail forces load the fasteners at the instant a rail pull-apart occurs^' ^",

an obvious disruption of equilibrium. Traction forces cause force inequality across the tie.

The potentially highest loading on fasteners is rail breaks and pull-aparts in Continuous Welded

Rail (CWR). Internal forces release loads onto fasteners that are as high as 250,000 lbs" when the

rail breaks. The longitudinal load at each fastener is the maximum resistance the fastener design can

generate. The longitudinal load resistance is shared over the number of ties required to constrain the

released internal rail force. The resulting rail gap from a pull-apart is less as the individual longitu-

dinal fastener resistance increases.
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will resist 4,200 lbs. (at a friction value of 0.3) of the 6,000 lb. load, and the fastener will resist the

balance, about 1,800 lb.

This example appears to be a low estimate of service experience on the Canadian National

(Figure 11).

Figure 12 shows examples of lateral wheel loads (note these are not the rail seat loads) from

tangent track. Figure 13 shows data from curved track." Truck hunting is the cause of the high lat-

eral loads (ten percent occurrence level).

These proceedings contain references to lateral loads as high as 50,000 lbs at geometry anom-

alies and special locations such as switch points.

.
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There are conditions commonly found in revenue service which can provoke some trucks into

generating higher, potentially dangerous forces. These conditions include:

• High truck rotational stiffness due to a dry center-bowl or use of constant contact side

bearings.

• Differential lubrication where the high rail is excessively lubricated and the low rail is dry.

• Two point wheel/rail contact as created by false wheel flanges or gage comer rail grinding."

Vertical Loads

Vertical loads affect fasteners most directly as a component of the previously discussed LA/

ratio and in generating uplift forces on rail clips. Vertical loads also affect tie crushing.

The uplift force can be over 100 lbs. per rail foot,'* which equates to approximately 160 lbs. per

rail seat at 19.5 inch tie spacing, or 80 lbs. per rail clip. The uplift force depends on the track modu-

lus value and the vertical wheel load.

Vertical loads, and particularly vertical load impacts, affect the fastener components in the rail

seats (tie plates, tie pads). These components protect the tie from plate cutting in wood ties and ex-

cessive bending moments in concrete ties. Figures 14 and 15 show examples of vertical load distrib-

utions." These figures show impact loads from one wheel can approach 80,000 lbs. Others in the pro-

ceedings presented vertical load data", with extreme values as high as 124,000 lbs."

Rail Fastener Design Issues

This section reviews fastener design issues and design criteria identified at the outset of this

paper. The views are those of the presenters. The summary demonstrates ranges of issues and opin-

ions rather than a cohesive, non-contradictory statement of specifications. Also, as stated at the out-

set, some criteria and issues require qualification for specific applications.

100-Ton Car on BJR Track, 6-Deg Curve
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Figure 13. Measured Vertical and Lateral Wheel Loads. (D.R. Ahlbeck, Figure 11, pg. 33)
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Measured Wheel/Rail VerticalLoad Spectrum
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Hold Track Gage

Restraint of track gage is defined as retention of the rail base, or constraint of simple lateral

translation. Some'" would include rail rotation (treated separately in the following subsection) and rail

wear as components of gage retention.

Rail shoulders on concrete ties, or tie plate hold down spikes or screws on wood ties, provide

lateral rail base restraint.

While strength to overcome the maximum lateral load is intuitively the design requirement,

elimination of "slop" in fastener lateral tolerances appears to be a more pervading theme for elastic

fastener system performance. Frank Scott states:

"It is desirable that the elastic fastener system take up all slack both vertically and horizon-

tally, such that all rail movements are elastically controlled. . . . Elastic fasteners should permit

elastically controlled movements of the rail, but they should not permit any free slop or separa-

tion of components.""'

For wood ties, Jon Schumaker states: "the success of the [elastic fastener] system depends

on little or no movement of the plate relative to the tie. This is the key to eliminating plate cut-

ting.""^ [Editor note: Abrasion and a second mechanism—wood metal sickness—are both impor-

tant causes for plate cutting.] For concrete ties, according to Schumaker "the success of the system

is based on very small or no movement of the rail relative to the tie. . . . Excess lateral movement

can prematurely wear the pad and ... the rail seat on the tie. Also, clips are designed to be flexed

vertically not laterally so it is possible to shorten their life as well if the condition is extreme.""^

These are informed but general statements that defy specification (what is a "tight" or a "loose"

system?). A message is that the elastic fastener systems must possess the expected lateral strength,

and must also incorporate system design and manufacturing control of the system's allowable toler-

ance excursions. The emphasis on tolerances has implications for track maintenance of these systems

which is the subject of the last section of this paper.

One suggested acceptance criterion of Allan Zarembski is "rail lateral translation should be lim-

ited to 0.060 in/rail seat (new) and 0.100 in/rail seat (old, after 30 million load cycles)."""

Resist Rail Rollover

"The clip system should ... be sufficiently elastic to permit rail deflections as necessary to dis-

tribute load to adjacent ties and fasteners, thereby reducing the unit load on the ties and the ballast.

To accomplish this objective, the spring deflection curve of the elastic clip must be as flat as possi-

ble. Mathematically expressed, the area under the force deflection curve must be as low as possible,"

states Hans von Lange.'" [Editor's note: This statement applies without qualification if the load-de-

flection curve is linear (or nearly so) over the entire expected load range. The system design requires

further scrutiny if the curve is non-linear.]

The evidence from this Symposium is that threaded and non-threaded systems must, for rail

rollover restraint:

1

.

Have resist clip loads produced by LA'^ ratios greater than 0.4 calculated by both vertical and

lateral wheel loads acting on the top of the rail at the rail centerline.

2. Have the as-installed clip deflection with a "working range" of at least 0.040" within the

elastic limit. The as-installed clip state is at the maximum cumulative tolerance of all fas-

tener and mating components.

For fastener systems that rely solely on clip spring resistance, the rail fastener system must ac-

commodate potential extremes of loading/deflection within the clip's elastic limit range. For deflec-

tion-limiting fastener systems, the rail fastener system must accommodate potential extremes of load-
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ing/deflection without permanent deformation of the rail clip and without periodic re-tightening of

bolts (if a threaded system).

The comments offered above on tolerance "slop" under Hold Track Gage can apply to rollover

restraint, as well.

Other requirements offered by Symposium participants for rail rollover restraint are:

• The rail head deflection (in pure rotation about the edge of the rail base, not including lateral

translation) should be less than 0.25 inches per rail seat. For "old" systems (thirty million load

cycles or more), it should be less than 0.4 inches per rail seat.*^ For dynamic gage widening

(rail head deflection including rail rotation and lateral rail translation for both rails), new sys-

tem's dynamic gage widening should be less than 0.4 inches. Likewise the old value (i.e.,

after the defined "life"), should be less than 0.75 inches."

• For threaded elastic fastener systems, "The correct design (of the threaded component and

elastic clip) always places the bolt in tension by maintaining bolt tension load in thread con-

tact areas that will resist bolt rotation."^*

Resist Longitudinal Rail Movement

There appear to be two schools of thought on correct values for fastener longitudinal restraint.

Many believe the longitudinal rail restraint should be as large as possible. With rail anchors pro-

viding 10,000 lbs. longitudinal restraint per anchor (varies by anchor design), there are expectations

rail clips could or should provide similar performance per rail seat.

Others proffer the idea that the rail longitudinal force on the tie should not be much greater than

the ballast's average longitudinal restraint on the tie. ".
. .The longitudinal restraint of the rail/tie fas-

tener system should not be significantly greater than the resistance of the tie in the ballast. This value

is the 'plowing' resistance of the cross-tie in the ballast. ... By designing the fastener/rail restraint

to be greater than the resistance to the tie in the ballast, the tie/ballast interface becomes the weak link

in the track structure, not the fastener/tie interface (as has often been the case in the past, when the

rail 'runs,' due to the inability of the fastener to hold the rail). Based on tie/ballast resistance data, a

resistance of 4,900 lbs. per tie or 2,450 lbs. per rail seat is an effective maximum limit for the longi-

tudinal restraint of the fastener,'"" states Zarembski.

The calculation of longitudinal restraint is

R*S = \i*r°

R = Longitudinal Rail Resistance (lb.) per rail seat

S = Safety Factor

H = Coefficient of Friction between the rail base and pad or tie plate, and between clip and the

top of the rail base (or between the insulator and top of the rail base for concrete ties)

T - Toe Load (lb.) of both rail clips at a rail seat

Example: Nominal toe load of one rail clip is 2,750 lb. and assume the coefficient of friction

between the rail clip and rail base is 0.6; assume the safety factor is 1.

/? * 1 = 0.6 * (2 rail clips * 2,750 lbs.)

R = 3,300 lb./rail seat

During the life of the fastener, the coefficient of friction may vary with moisture (rain), surface

polishing or contaminants at the contacting surfaces.

A separate requirement is that the fastener system should control the rail gap at rail discontinu-

ities in CWR. This is particularly important in a critical "failure" situation, such as in the event of a

pull-apart or rail break, where the break or gap must be controlled to avoid an excessive gap in the
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rail. . . . Based on (calculations) on a 132 lb. rail and 19.5 inch tie spacing for a seventy-five degree

temperature change (such as would be encountered in a large portion of the continental U.S.), the re-

quired minimum restraint per rail seat is 1,814 Ibs./rail seat for a gap of 1" or 2,720 Ibs./rail seat for

a gap of 3/4". This defines a range for the minimum longitudinal restraint."^'

To account for rail/tie vibrations and other dynamic effects, the dynamic longitudinal restraint

should be no less than seventy-five percent of the static longitudinal restraint values."

Reliability Requirements and Compatibility with the Railroad's Practices

1. Life Expectancy: Retention of design characteristics over a reasonable service life

under all conditions of loading and environmental exposure.

The fastener systems must be capable of maintaining a defined level of performance after a min-

imum of 1,000 MGT (Million Gross Tons) or thirty million cycles of loading (at 33,000 lbs. per wheel

load per cycle), based on tangent or low curvature mainline service. (Note that on curves, rail life is

shorter; however, the fastener life should be equal to several curve rail life cycles.) At the conclusion

of thirty million cycles or 1 ,000 MGT, the "old" strength values must be at a level equal to ninety

percent of the "new" strength levels defined for all strength categories, unless indicated otherwise."

The fastening system must retain its ability to perform as defined ... for the entire range of en-

vironment conditions encountered in the railway including ice, snow, heat, and cold.'^"

2. Low Maintenance Demand, Ease of Installation, Ease of Maintenance

The fastener system should meet the foregoing life requirements without "any periodic adjust-

ments after the initial installation and adjustment, such as bolt tightening, retorquing, clip retension,

etc. . . . The fastener system should allow for ease of visual inspection of all key parts by local in-

spectors,"" states Zarembski.

"The rail hold-down portion of the fastener system should be readily installable or removable

by local forces in the field. The connection between the fastener and the tie does not have to be 'easy

to use' if it is separate from the rail hold-down system. In fact, a secure fastener hold-down assem-

bly is an advantage.

"The (rail removal/installation) operation should be capable of being performed in the field by

local forces, using conventional and commonly available hand tools. If special hand tools are re-

quired, they should be kept to a minimum level.

".
. . The amount of physical effort required to remove the fasteners with these hand tools should

be kept to a minimum. However, the fastener system should be resistant to tampering in the field by

unauthorized personnel using rocks or other crude tools.

".
. . The fastening system components should be readily identifiable, as to their location and

direction of installation, so as to avoid improper installation of components and assembly of system

(in the field),"'' continues Zarembski.

3. Compatibility with other maintenance operations, with existing tools, and with existing

railroad components.

The fastener system must provide electrical isolation between rails in accordance with theAAR
(Association of American Railroads) Signal Manual requirements. In systems using electric traction

power, the fastener system must also provide stray current protection, which is stipulated by a corro-

sion control engineer (recent design values for rail-to-ground resistance are over 100 ohms per thou-

sand track feet for ballasted track, and over 500 ohms per thousand track feet for direct fixation track).

Systems must accommodate the railroad's existing configuration. As an example, rail clips

should be compatible with insulated joint geometries."

Systems should not be susceptible to damage from other maintenance operations, such as bal-

last spreaders or regulators. Nor should the system design be susceptible to interference with, or dam-
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1

age from, normal railroad occurrences, such as dragging equipment. Systems should have a low pro-

file with maximum dimensions that are as close to the tie as possible.

4. Continued function in Derailments: Low exposure to wheel damage, high probability

of maintaining function if hit by a derailed wheel.

The design features should consider offering the least profile to a derailed wheel. The fastener

should have a reasonable survival performance in the event it is damaged by a derailment."

Installation and Maintenance

The presenters offered a number of Do's and Don't's for elastic fastener systems installation

and maintenance:

Do's

• Manage the procurement and maintenance processes through feed-back loops involving re-

searchers, procurement, manufacturers and field experience. Employ sound technical reason-

ing to develop clear specifications that meet the railroad's specific needs. After procurement

and installation, monitor the performance of the fastener systems. Re-visit the technical spec-

ifications when observations of performance indicate changes are needed. Encourage re-

sponsible change — through feed-back loops.-'

• Choose the proper rail insulator (concrete tie applications).''''

• Bring low ties to position before clip insertion (forcing the tie up using the clip installation

causes the clip to deform).'*

• For wood tie applications, fasten the tie plate securely to the tie to avoid future movement and

possible plate cutting. Up to four screw spikes per plate are recommended in heavy haul

service.
^

• For wood ties, pre-drill hold-down holes.*"

• For wood ties, drill hold-down holes straight. Field experience shows track gauge varies or

breakage of spikes occurs when holes are not drilled straight.'''

• For wood ties, adz ties when changing from a different fastener system.'"

• For wood ties, install elastic fastener systems after the tie gang is through and preferably after

the surfacing gang is finished, as well.*"

• Make sure the rail is seated in the plate and not canted. Using the clip to force the rail down

to its seat can deform the clip.'*

• Always use rail spreaders to handle paneled track made with elastic fastener systems.*"

Don't's

• Do not overdrive rail clips.*"

• Do not hammer insulators into position (they make lousy wedges).'"

• Do not drop rail clip bundles from excessive heights (they are elastic, but not rubber).'"

• Do not direct excessive heat, as from rail heaters, on to plastic/elastomer components.

Insulators and pads can withstand about 150 degrees F before loosing mechanical proper-

ties.'"

• For wood ties, tie pads are not recommended. Pad compression momentarily leaves a spike

or screw loose, and can allow unfavorable loading on the spike. The result is higher incidence

of spike/screw failure.*"

• Do not run off-track vehicles over ties with elastic fasteners unless it is certain that all ties are

properly tamped."*'
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General Comment

Elastic fasteners are integral systems of compatible components. The design of the elastic fas-

tener must include:

• proper mating geometry and tolerances among components, and

• compatible elastic properties among components.

During the installation and remaining life of the system, components should not be substituted

without an engineering assessment of the compatibility of the proposed substitute.
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SANTA FES NEWEST CHICAGO AREA
INTERMODAL FACILITY

By: T. B. Schmidt* and G. J. Potts**

The Atchison, Topeka and Santa Fe Railway's newest Chicago area Intermodal FaciHty at Willow

Springs, IL is just one of the Santa Fe's commitments to its customers. It is also an example of a suc-

cessful relationship between a railroad and an engineering consultant in today's world. In this case,

it was between the Santa Fe and Hanson Engineers Incorporated.

It's no secret that business is increasing, esp»ecially intermodal business. In fact, the Santa Fe's

intermodal business was up over eighteen percent in 1994, when compared to 1993. It has been a trend

in most business groups within the Santa Fe over the last five years, and it is expected to continue. In

1993, the Santa Fe spent over $120 million on expansion projects and over $150 million in 1994. The

Santa Fe is taking every prudent step possible to meet the demand for additional facility capacity.

All right, business is great, but why Willow Springs? Why construct a $72 million facility, when

Corwith, the main Santa Fe Chicago yard is only ten miles away? Why construct a facility that can

easily handle over 500,000 intermodal lifts per year? The answer is spelled UPS. In 1990, United

Parcel Service (UPS) set the wheels in motion for the construction of its Chicago Area Consolidation

Hub (CACH). The building covers nearly two million square feet, and will handle approximately two

million packages daily. The location picked for the hub is in Hodgkins, and on property contiguous

with the Santa Fe yard at Willow Springs.

But, before construction could begin on a project of this magnitude, there had to be a tremen-

dous amount of engineering.

Planning, Permitting and Public Relations

The site of the Santa Fe project is bordered by the old General Motors Fisher Body plant that

is now the UPS CACH to the north, and by the Des Plaines River to the south. The project starts ap-

proximately 7,000 feet west of Willow Springs Road and extends nearly four miles east to 67th Street.

The site is split between Hodgkins and Willow Springs. Willow Springs is mostly residential and

Hodgkins is mostly industrial.

A geotechnical investigation. Phase I and Phase II Environmental Assessments, and a wetland

delineation survey were completed at the site. Ground control was set for an aerial survey that was

converted to three-dimensional mapping and tied into the State Plane Coordinate System. Much of

the design and nearly all of the layout for construction was done using coordinates. License, ease-

ment and lease agreements were reviewed and modified or retired for utilities and other facilities that

were relocated or taken out of service in conjunction with the project.

The 269-acre site is divided almost in half between the two villages and, consequently, between

two jurisdictional agencies. This became important later in the final design, because the two villages

had adopted different building codes. While Hodgkins welcomed the idea of new industry. Willow

Springs was a bit apprehensive about the facilities. A great deal of time was spent educating Willow

Springs in the workings of an Intermodal facility, finally convincing them that the Santa Fe was not

constructing a variation of a manifest freight yard.

In addition to public educational efforts, several regulatory agencies required that permits be ac-

quired for construction. Some of those agencies included:

• Illinois EPA (Environmental Protection Agency)

• IDOT, District 1 (Illinois Department of Transportation)

•Construction Engineer—East. The Atchison, Topeka and Santa Fe Railway Company
**Project Engineer. Hanson Engineers Incorporated

297
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• IDOT, Department of Water Resources

• U.S. Army Corps of Engineers

• Metropolitan Water Reclamation District of Greater Chicago

• Illinois Historical Society

• Pleasantview Fire Protection District

• Local Municipalities

Because of the proximity of the Des Plaines River, several joint permit applications were sub-

mitted to the lEPA, the U.S. Army Corps of Engineers and the IDOT-Department of Water Resources.

The applications were then submitted to other agencies as necessary.

One small area of the project impacted the 100-year flood plain of the Des Plaines river. This

area was near Willow Springs Road where fill used to construct the west approach to the grade sep-

aration bridge was placed. Compensatory storage was created at the rate of 1 : 1 in that area.

Another major permit was acquired from the Metropolitan Reclamation District of Greater

Chicago, which is the regulatory agency for the storm water system, detention facilities and all of the

sanitary sewer lines at the site.

An NPDES (National Pollutant Discharge Elimination System) permit for construction and opera-

tion of the facility was received from the lEPA. A Storm Water Pollution Prevention Plan has been

implemented at the site, and is still active as the final phases of the project are being completed.

Weekly inspections are done to assure the erosion control structures are in place and working. Also,

dust control was incorporated in this plan.

A zoning variance was required from the Village of Willow Springs for changing zoning from

light industrial to heavy industrial and a special use permit was required for the light towers and the

operations tower due to height restrictions. Each time a new phase of the project was started, build-

ing permits were required from the local municipalities. The local fire district was involved in all

phases of the project from beginning to end. Their requirements needed to be satisfied before the

building permits were issued. In total, more than forty permits were required over the course of the

project. The municipal engineers were very helpful in providing assistance in securing the permits

needed, with minimal delays to the construction.

Project design input was invited and received from all the various department groups of the

Santa Fe, including Intermodal Business, Operating, Equipment, Signal, Communications, Police,

and Maintenance, to fine tune the original conceptual design. Before the project ended nearly five

years later, work had been completed in every discipline of civil and railway engineering.

Construction Begins

With permitting and the public relations process well under way, it was time to start construc-

tion with clearing and grubbing being an obvious first. Most of the site was covered with some form

of vegetation.

A consistent source of suitable fill material was difficult to guarantee in this area of Chicago.

Coincidentally and conveniently, the Cook County Forest Preserve had 2.1 million cubic yards of

limestone for sale. This limestone was a by-product of the Chicago Deep Tunnel Project. Since the

project required 1 .2 million cubic yards of fill material, the Santa Fe considered the purchase a good

investment. An average of approximately 2,500 cubic yards per day was placed. The truck haul was

approximately nine miles.

In addition to the Santa Fe's project, the Santa Fe had to play referee with other parties that had

projects on, near, or across its property at the same time. These projects included: the widening of the

Tri-State Tollway, and the construction of a new tollway interchange being built to serve the Santa

Fe's and UPS's new super hub, including the addition of certain arterial streets being constructed to

access both facilities. We had to maintain an active switching yard.
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Willow Springs Road

The first real design and construction challenge came with the crossing of Willow Springs

Road. Willow Springs Road is a four-lane state highway that crosses the Santa Fe main lines at grade.

It also crosses the Des Plaines River and is used to access Forest Preserve District property north of

the river. Various alternatives were explored with IDOT. They included: an at-grade crossing, a grade

separation with the highway over track and a grade separation with the track over the highway.

Factors in the decision and design included: the Des Plaines River Bridge, the effects on highway

traffic during construction, the effects on the local community, and maintaining access to the forest

preserve. These factors and estimated total costs resulted in the acceptance by IDOT of a two-span

1 20 foot long, three-track steel through girder bridge over the highway.

Due to space constraints, nearly 100% of the fill west of the bridge had to be brought in by rail.

Air dump cars were used for this task. The original mainlines remained in operation during the en-

tire construction process, as did Willow Springs Road. The entire Willow Springs Road project which

included reconstruction of one half mile of Willow Springs Road, in addition to the grade separation

structure, took only ten months to complete.

The Intermodal Facility

The operational capacity needed for the facility was estimated to be a minimum of 1 ,500 lifts

per day. Basic criteria developed as parameters for design included: four intermodal tracks and four

storage tracks ranging in length from 5,100 to 5,500 feet each. A third main line, or running track,

extended from 7.000 feet west of the far west end of the facility to the far east end at 67th Street.

Approximately 2,000 parking stalls for staging traffic that would come from and go to the UPS
hub were provided. Also, until UPS was at capacity, the Santa Fe would handle other UTL premium

carriers at the facility. The facility was designed to handle primarily trailers.

Initially the plans were to use sixty foot ICW (Inside Clearance Width) travel lift cranes at the

facility. Later it was decided to add side loaders. A concrete pavement was designed in the platform

area to handle these loads. The parking area was designed to be asphalt. Two access roads from the

Santa Fe site to the UPS hub were incorporated into the design.

Drainage in the facility was designed for a five-year storm event, with temporary surface stor-

age in the parking area and the detention pond designed for a 100-year storm event. The drainage sys-

tems in the parking lot and platform areas were designed as independent closed systems. Three de-

tention pond areas required for more than 160,000 cubic yards of excavation. The NPDES regulations

dictated that erosion control be maintained during the entire construction process. This was accom-

plished with straw bales, silt fences, and constant monitoring.

A few other features that the facility contains are:

• Twenty-eight through one hundred foot light towers to provide design lighting of 1/2 foot

candles minimum lighting throughout the facility.

• 17,000 feet of eight foot chain link fence.

• Removal or relocation of petroleum, water, and chemical pipe lines.

• 70.000 feet of drainage products. The system was totally internal. Types of pipe included cor-

rugated (coated and non-coated), slotted, ultra-flow, and concrete. Concrete box culverts were

also installed.

• 4,000 feet of sanitary sewer, over 10,000 feet of water lines, and over 17,000 feet of gas and

air lines.

• 70,000 feet of conduit used for electric, signal, and communications.

• Two oil water separators and one triple basin.
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• 1 ,200 feet of drip pans for the engine tie-up track.

There are three main buildings and various smaller ones which support the facility. Brief de-

scriptions are as follows:

• A 50' by 350' Car Repair facility. This building was designed to make repairs on the articu-

lated fleet, specifically 5-packs. An inside drainage system is protected by a triple basin.

• A 65' by 150' combination Administration, Checkpoint, Welfare, Hostler, and Lift Repair fa-

cility. Immediately adjacent is a canopy that covers seven of the eight lanes. All lanes are pro-

tected by camera coverage.

• A 35' by 35' three story Control Tower. Inside are "State of the Art" signal and communica-

tions for a yard operation.

• Other buildings include:

—Two compressor sheds

—An 800-ton salt storage shed

—A transfer dock

—Four backup generators which protect nearly all of the electrical services in the entire fa-

cility.

TVack and Platform Construction

Approximately twenty miles of track were constructed by stick. The track consists of 1 36 lb.

continuous welded rail, both new and second hand. Conventional tie and surfacing gang equipment

was used for construction.

The facility has forty turnouts: eighteen no. 20's, sixteen no. 14's, and six no. lO's. All but two

have power switches and hot air blowers. These switches can be thrown by the yard operations tower

personnel, by the dispatcher, or by a control board used by the train crews. Obviously, the yard was

built for speed.

Other features include:

• Power operated blue flags and derails

• Twelve to eighty foot concrete crossings

• Yard air for all four strip tracks

Paving consisted of more than 290,000 square yards of concrete pavement, ranging in thickness

from eight inches to fourteen and one-half inches. The majority of the pavement was twelve inches

nonreinforced. Pours were twenty-two to twenty-five feet wide. The batch plant was only one half

mile away from the site, and concrete placement averaged 2,500 feet per day. In addition to the con-

crete, 240,000 square yards of asphalt pavement, ranging in thickness from six to eight inches, was

provided for parking and off-ramp roadways.

Summary

At the start of this project, the Santa Fe had the option of either being adversarial on issues with

the surrounding communities or being a "good neighbor." It's obvious that the Santa Fe chose the lat-

ter. But, being a good neighbor comes with a price tag. In this case, it included land purchases, operat-

ing restrictions, impact fees, extensive landscaping, lighting and noise mitigation, and finally, a 2,200

foot long sound wall, ranging in height from fifteen to twenty feet. Although costly, there are no regrets.

The question now is: What is the Santa Fe's next move? Has the intermodal business level reached

its peak? The Santa Fe doesn't think so. In fact, the Santa Fe is spending almost $20 million this year

at Corwith to handle additional business. The Santa Fe thinks that the intermodal business in Chicago,

its hometown, is just hitting its stride and plans on being ready for more business when it arrives.
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FNM'S

ENLARGEMENT OF 16 TUNNELS' CLEARANCES ON
THE GUADALAJARA-MANZANILLO LINE

By: Lorenzo Reyes Retana*

Introduction

Adapting the main railway lines for modem traffic requirements, like double stack and auto-

motive trilevel, is one of FNM's (National Railways of Mexico) most important programs now. As

part of it, we are now in the process of enlarging the tunnels' clearances of the railway between

Guadalajara, Jal. and the seaport of Manzanillo, Col., one of the most important on the Pacific coast.

This railroad has a total length of 360 km and the job requires the enlargement of sixteen existing

runnels located between Tuxpan and Caleras.

The present dimensions of these tunnels are insufficient for intermodal traffic, so they have to

be enlarged by 1 .73 m above the crown, while keeping the rest of the horseshoe shape section.

Several long bridges that are located between the tunnels do not allow for enlargement by means of

an additional excavation in depth, so the only possible choice is to enlarge the clearances on the side

of the crown.

The tunnels are located in the stretch from Tuxpan-Caleras, between km 457 and 553, with

lengths varying from 55 to 432 m; the combined entire length being 2700 m. The first eight tunnels

(1590 m) are in the state of Jalisco and the rest (1110 m) are in the state of Colima, all within a 96

km segment of the line.

All of the tunnels have a horseshoe shape with an overall height of 6.45 m between railtop and

crown, a 4.8 m width measured on the railtop and a 5.50 m width at the start of the crown. Their orig-

inal construction started during the final years of the last century and were finished during the first

Clearance Project for Double Stack Trains.

*Vice President Infrastructure/Tel., National Railways of Mexico (FNM)
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'Rinnel Locations.

ten years of this century. The lining of the sidewalls is of stonework (masonry), and that of the crown

is of rectangular overlapping concrete blocks measuring 20 x 20 x 50 cm, leaving a crown thickness

of 50 cm. The sidewalls have a maximum thickness of 95 cm at the base and 50 cm at the beginning

of the crown.

Five of the sixteen tunnels have a mixed tracing of straight line and curves; eight are curvy and

three are straight, the maximum bending is nine degrees.

This railway is the only one to connect the seaport of Manzanillo with the rest of the Mexican

Railroad System. For this reason, it is necessary to maintain the line in operation during the enlarge-

ment works, which could only be done by leaving the line free for the job between 6 a.m. and 6 p.m.,

and shuttling the trains during the night.

The only access to the different tunnels for personnel, equipment, and materials is by the track.

In this paper, I will describe the activities done in the project, design, and construction stages,

plus the solutions used for the mishaps which occurred during work implementation. These activities

have all been performed by specialized technical personnel of National Railways of Mexico.

Investigation Methods and Procedures

In order to know every detail of the conditions of each tunnel, they were examined before pro-

ceeding with the enlargement. To do this, the activities conducted in-situ, in the lab and in the office

included:

The Gathering of Information

Various geological and geotechnical studies of the area for other uses were gotten hold of as

well as the maps of different scales. Particularly significant were the surveys for the road bridges

Atenquique 1 and 2 of the new highway Guadalajara-Manzanillo, which is close to the railway.
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Detailed Geological Mapping

Each tunnel has a detailed geological mapping, where the different rock units are shown as well

as their stratigraphy and structural features, the topsoil thickness, the composition of the slopes and

the local state of geohydrauiics.

The jointing of the rock units was indicated according to the symbologies used by the

International Society of Rock Mechanics.

Direct Methods

These were conducted to investigate the features of the rock mass where the loose materials

(soils and talus) formed a barrier towards the knowledge of the conditions of the crown in those tun-

nels that started with a false tunnel and also to know the conditions of the loose rock behind the lin-

ing. This investigation was done by stoping or through small openings in the crown.

Essays in the Lab

Samples of the different geotechnical units of all the tunnels were submitted for lab tests which

allowed us to know in every detail the average properties and the resistance mechanics. The dynamic

characteristics were also determined by using conventional standard procedures.

Geophysics

The seismic method of refraction was applied to investigate the tunnels in order to collect, from

surface measurements, all information regarding the rock mass in those areas that would be excavated

or had to be enlarged. Generally speaking, this method yields information from which the thickness

of the loose material can be inferred, and also the state of cohesion, the geotechnical quality of the

rock mass and the elastic-dynamic modulus.

This information was derived by using the traveling velocities of the seismic waves from direct

measurements taken in the field. Only inside tunnel 3 could investigation lines be installed because

this tunnel has a section without lining. All intents that were made inside the tunnels against the lin-

ing were fruitless, since the thickness and the nature of the lining prevented results.

Geotechnical Compounding

All the results obtained in the various stages of investigation were compounded in the office.

For each tunnel, geotechnical units were established according to its lithology, cohesion, number of

joints, state of weathering, velocity-spacing of the seismic waves of the rock mass, the elastic-dy-

namic module and the general meaning and strength of the intact rock.

We were therefore able to establish the geomechanical classifications normally used for tun-

neling and for the recommended primary support, including the maximum unsupported standup time,

etc. which are derived from these classifications.

Design and Executive Projection of the Enlargement

This part of the project included the following:

• Stating the geometry of the enlargement and the geomechanic modeling and analysis of the

location of the stresses and shear zones around the tunnel in order to know the possible oc-

currence of creep by means of the fininte element method.

• Establishing the maximum pressure to be expected when canceling the present lining for the

enlargement, by means of the theories and proceedings conventionally used.

• Designing the primary support and proceedings during the excavation for the safety of the

tunnel and the workers by means of all the available information and valorizing the actual

loads under the most critical of circumstances.
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Stress Distribution Around the Ttinnel.

Primary Support Design for Excavation.

Examining the structural design of the final lining, by means of simplified methods and a fi-

nite element.

Examining the structural design of the false tunnels in the accesses.

Stating the construction process to be utilized, including excavation, placing of the primary

and final support, general conditions of ventilation, water out-flow and lighting.

Making proposals for instruments and methods to be used to check the behavior of the tun-

nels during construction.
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Local Geology

According to the map of the physiographic zones of Mexico, the area we are discussing is lo-

cated on the western border of the physiographic unit of the neo-volcanic axis and the western part

of the sub-unit of the Balsas Basin, belonging to the province of the southern Sierra Madre.

The area is covered by great amounts of materials of volcanic origin. The Taxpan River, for

most of its length, is the physiographic expression of a weakness in the earth's crust. In the lateral

cuttings of the river we find limestone, intrusive rocks, tuffs, lava rocks, and mostly agglomerates

and conglomerates. It is therefore necessary that the Guadalajara-Manzanillo railroad be located on

the side of the Tuxpan River, between the stations of Atenquique and Alzada. In this zone, tunnels 1 to

13 are located.

In the southern part of this area, we have tunnels 14 to 16 and here the railroad is located on the

limits of the wide Armeria River valley and the Sierra which rises behind its eastern border. In this

Sierra, great quantities of sedimentary rock of marine origin of the Mesozoic Era are to be found

(limestone, gypsum, mudstones, sandstone, and conglomerates, as well as interbedding of these

rocks), mostly folded and intruded. The difference of elevation between the valley and the Sierra may

well be 1000 m.

Results

The information collected in the different stages of investigations permits a good knowledge of

the sites in which the tunnels' clearances are being enlarged as well as their expected behavior dur-

ing construction. This information allowed for the design and the execution of the project for the up-

ward enlargement of the tunnels of this railroad.

Construction of the Enlargement

As stated above, the enlargement works have to be done with the railroad still in use, in 12 hour

"windows" leaving the other 12 hours for the train-shuttle during the night time from 6 p.m. until 6

a.m. For this reason the construction program is to be accomplished in two steps. The first step, which

at present is being performed, includes tunnels 1 to 13 in a stretch between Tuxpan and Alzada. The

second step, including tunnels 14, 15 and 16, between Colima and Caleras, will be done as soon as

the first step is finished.

Outside the tunnel there is work to be done on the slopes above the accesses for the security of

both personnel and equipment, as well as for the railroad and the worktrains, which are being used

in the process. This work consists of cleaning and barring down the slopes, installing welded wire

mesh with anchor bolts and shotcrete, the bolting of boulders and the erection of a canopy of steel

rods and plate to protect the initial excavation and fore-poling.

Inside the tunnel and before the actual excavation begins, a structural U-beam is being placed

along the existing stone work lining by means of 4 m long friction bolts. This is being done as a stiff-

ener for the existing walls, fixing them to the rock behind the wall, keeping in mind that during the

excavation process, the existing lining will lose its continuity and the walls may topple if there is lat-

eral pushing by the surrounding rock.

The actual excavation for the enlargements has been made possible by using hydraulic hammers

installed on backhoes or on railway flat cars. We are also using a number of hand operated pneumatic

percussion hammers and drills in ancillary operations. The use of this equipment has been possible

thanks to the low strength of the existing rock formations which can be called soft rock, except in

tunnel 3 where the use of explosives is expected, given the higher strength of the limestone.

The muck of the excavation and demolition falls directly into side-toppling ad hoc cars

equipped with folding collector wings, so that the muck does not fall on the track fouling up the bal-

last and leaving obstacles for the railroad operation. When these cars are full, the work train takes

them to the muck disposal site.



Paper by Lorenzo Reyes Retana 309

Preliminary Work on the Exterior Slopes.

It must be stated that these disposal sites have been previously authorized by the National

Institute of Ecology, and that as soon as the enlargement works are finished, the disposal sites will be

planted with trees in order to improve the natural surroundings.

The excavation of the enlargements and the demolition of the existing crowns is done in vari-

able lengths, depending on the conditions and strength of the rock mass with 2.0 to 3.0 m of progress

per work site daily. Immediately after this, the exposed rock mass is being protected with a primary

shotcrete lining of 5 cm, with resistance 200 kg/cm% assisted with steel frames wherever necessary

and anchor bolts when these are required. In a few places, 4 to 6 m long friction anchor bolts have

been necessary. As soon as the excavated section has been lined, the next section is being excavated

and made ready to be lined in a well-orchestrated cycle of excavating-mucking-lining, with a close

eye on having to finish a complete cycle before the railroad line is to be free for the train shuttle. The

work zone cannot be left unprotected because of the danger this would mean for the trains. This adds

a very special edge of great complexity to this job, which needs very careful planning and fine lo-

gistics.

The final lining depends on the features of the rock mass in each tunnel, as well as on the be-

havior of it during the excavation. Several instruments have been used in these enlargement works,

mostly convergence meters in the existing walls as well as extensometer bars whose job is to detect

fault zones in the rock mass.
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Excavation of the Existing Crown.

In zones of natural instability, especially near the accesses where steel frames had to be used in

the primary lining together with a 5 cm shotcrete coat, as well as in other unstable sections inside the

tunnels, a 45 cm thick cast-concrete resistance 250 mg/cm^ and rebars have been applied.

The placing of the cast concrete is done in two steps. The first step on the walls is done by

means of conventional wooden or steel shapes beginning from the foundation upwards. The second

step is for the new crown and is done with a metallic prefabricated sliding frame, of special design,

whose measurements and self-supporting features allow a continuous pouring of the sections during

the available time in the worktime "window," without disturbing the nightly traffic of the trains.

In those sections with minor stability problems, the final lining is a 200 kg/cm^ resistance, 10

centimeter shotcrete coating, which adds to the 5 cm of the primary lining, making up an overall 15

cm thick shotcrete. This lining includes a welded wire mesh and 4.0 m long friction anchor bolts as

well as drains for possible water problems.
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W

Enlarged TXinnel Portal Illustrating Use of Shotcrete Coat.

The information gathered so far through instrumentation has shown only 3 mm of displacement

over a four-month period, which is a very low magnitude, and is proof of a correct behavior of the

structures.

Collapses During Construction

During the excavation of Tunnels 1 and 2, there were two collapses inside these tunnels that

caused the train traffic to be disrupted for six and fourteen days respectively. I will talk about the pos-

sible causes of these mishaps as well as the steps that were taken to clear the track, to protect the

faulted zone and the construction procedures to resume excavation.

'Hinnei 1

This tunnel is built in soft soils and tuffs that were formed in a lake bed by cohesionless silts,

interbedded with fine sand layers, of very low shear strength, which lost the little cohesion they had

when the crown was demolished, producing an immediate and constant slide, like an hour glass.
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Prefabricated Sliding Frame for Continuous Pouring of Sections.

Primary Lining of Shotcrete, Wire Mesh and Anchor Bolts.
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Collapsed Tlinnel 1. When Higher Layers Lost Their Support.

When the higher layers lost their support, they also came down, until a crater or chimney was formed

above and outside the tunnel. The muck invaded the tunnel completely for about 40 m in length, with

a volume of 750 m'.

After assessing the magnitude and nature of the collapse as well as the risks involved for the

rest of the tunnel and its lining, it was decided not to muck out for fear that the problem might be-

come even bigger. We also wanted to provide some support in the top part of the crown.

This support was to form a barrier to stop the loose material from falling down in the tunnel,

and it was done as follows:

• the metal frames nearest to the collapse were stiffened with steel beams that were welded to

the metal frames lengthwise.

• the remaining walls and crown were protected with rock bolts and shotcrete.

• installment of fore-poling with 6 m long steel rods and u-beams, together with 10 m long rails

(75 lb/yd) hammered in above the steel frames in the soft soil with pneumatic tools until some

sounder rock was reached, bridging the gap.

• once the fore-poling was put in, the crown was slowly made visible digging out the top half

of the tunnel and spraying shotcrete to stop the soil from running.

• the fore-poling was brought to rest on half section steel frames which in turn rested on tracks,

supported by anchor bolts.
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Subsequent Use of Steel Frames During Crown Excavations for Protection in Event of

Further T\innei Collapse.

Ibnnel 2. Detailed Section of Collapse.
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Proven Construction Procedures May Require Modiflcation When Behavior of the Rock

Mass Changes.

"•sat. '^ 1.V "^
* HL-/

«*. .^,

Experience Gained on this Line Segment Will Be Utilized in Other Duuble-Stack

Clearance Projects.



316 Bulletin 752—American Railway Engineering Association

Once the top half of the tunnel was secured, the job could proceed with the bottom half, muck-

ing out with the muck cars of the work train, completing the steel frames, shotcreting and getting

everything back in order for the passage of trains.

These actions led to some changes in the proceedings which initially considered the full face

excavation simultaneously with the demolition. This has changed now to a new method of excavat-

ing above the existing crown, leaving it in place to protect the railway should another collapse occur

The principal features of this method are as follows:

• excavation above the crown in short stretches of 50 cm.

• steel frames resting on support beams supported by a shotcrete base, are installed and the

shotcrete on the exposed rock mass.

• fore-poling is being after every third frame for protection and support.

• demolition of the crown lining is being accomplished by completion of the steel frames, shot-

crete and anchor bolts.

Back to Normal

The final lining of tunnel 1 will be done with reinforced cast concrete, 45 cm in thickness.

Tbnnel 2

Some 25 m from tunnel two's entrance there is a contact of two different rock masses. One is

a highly fractured microgranite; the other one is breccia limestone. Both rocks are extremely unsta-

ble for lack of any kind of binding material in their cracks.

A collapse occurred affecting 8 m of an area which had already been enlarged and had a lining

that included steel frames and shotcrete. Seven steel frames came down, 2700 m' of loose rock col-

lapsed, producing a chimney-crater above and outside the tunnel.

This led to a new appreciation of the risk and stability conditions in the tunnel.

It was first decided to reinforce the lining of the new crown fore and aft the critical zone.

To bridge the faulted area, steps somewhat similar to those taken in Tunnel 1 were used.

Finally, a stretch of tunnel was injected with a water cement grout, forming a concrete arch of

some 3m thickness around the new crown.

The final lining of this tunnel will also be a 45 cm reinforced cast concrete.

Final Comments

In this kind ofjob where the line has to be kept in operation, careful planning and coordination

are necessary by those responsible for the job and those responsible for the running of the trains.

The collapses that occurred in tunnels 1 and 2 show the normal risks that have to be faced in

tunneling, risks that tend to be much greater when it comes to enlarging underground constructions

that are almost one hundred years old. The investigation programs have been stepped up for the other

tunnels of this line for a better geological-geotechnical knowledge of each tunnel.

The best construction procedures are always liable to sudden changes when there are changes

in the behavior of the rock mass. For this reason it is important to have very reliable and experienced

personnel available for these jobs, to make the right decisions at the moment of need.

This project is a pioneerjob for the Mexican railway system and the experience gained here will

be useful to other lines where tunnels' clearances will also have to be enlarged to allow for the tran-

sit of double-stack freight cars.
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RAILROAD OPERATIONS PLANNING AND
ENGINEERING FOR THE PORT OF LOS ANGELES

DRY BULK EXPORT TERMINAL PROJECT
By: Winn B. Frank*

Introduction'

The Port of Los Angeles has embarked on a major expansion program that will more than dou-

ble its cargo handling capabilities from late 1980s levels. The program is referred to as the

2020/Program and is in response to burgeoning Pacific Rim trade and the ever-increasing ship sizes

that necessitate larger terminal facilities. When the 2020/Program is completed, approximately 1000

hectares (2470 acres) of new landfill will be created and berth depths at some locations will be

twenty-six meters (eighty-five feet).

As a major component of the 2020 plan, the Los Angeles Dry Bulk Export Terminal (LAXT)

will be the largest of its kind on the west coast of the United States, having an initial throughput ca-

pacity of approximately ten million metric tons per year (MMTY) and a storage capacity of approx-

imately 1 .25 million metric tons. By adding a second berth and utilizing additional storage area avail-

able, there is the potential to further expand throughput. The LAXT facility will be located on

Terminal Island, within the Port of Los Angeles. Figures 1 and 2 indicate the general geographic lo-

cation.

The development and financing of the LAXT is a current example of the economic trend toward

international development of major projects. In 1988, the City and the Port of Los Angeles began to

investigate the possibility of replacing the port's existing 10.8 hectares (26.6 acre) bulk handling fa-

cility, which was constructed in 1965 and located adjacent to a large yacht basin. Expressions of in-

terest were sought from the industry at large, including coal producers, sellers, and transportation

companies. By mid- 1989, a joint venture structure involving the Port of Los Angeles, coal-producing

Figure L Southern California Regional Map. Figure 2. Site Location Los Angeles Dry

Bulk & Export Terminal.

*Portions of the Introduction and Description of the Facihty sections were adapted from the paper "Design of a Major Bulk

Facility at the Port of Los Angeles," Linden Nishinaga, Project Manager, Engineering Division, Port of Los Angeles, and Elmer

Guillermo, Project Manager, The Ralph M. Parsons Company.
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U.S. western niining companies, a U.S. railroad company, major coal purchasing utility companies in

Japan, Japanese banks, and shipping and trading companies was formed. By March 1991, comprehen-

sive feasibility and conceptual engineering studies were completed that indicated there was a demand

for high grade low sulfur coal in Far Eastern countries from the western mines of the United States.

Negotiations continued with thirty-five separate corporate entities to bring about the project's

formulation. In June 1993, a Lease Agreement was executed between the LAXT Corporation and the

Port of Los Angeles. This consortium includes the Port of Los Angeles and consists of fifty-one per-

cent United States shareholders and forty-nine percent Japanese shareholders. The Port retains its

normal status as the landlord of the facility. Currently, the LAXT project is in the final design stage

of development.

Description of the Facility

LAXT will be a bulk receiving, handling and exporting terminal for coal and petroleum coke

products. It consists of three major elements:

1. A one-berth deep draft berthing facility capable of handling dry bulk vessels ranging in size

from 20,000 dead weight tons (DWT) to 250,000 DWT in -22 meters (-72 feet) of water

(below Mean Low Water). The wharf will be the largest and deepest single berth in the Port

of Los Angeles.

2. A 2.8 hectares (7 acres) Near Berth area will be located in the backland adjacent to the wharf.

3. A 42.5 hectares (105 acre) Remote Storage area will be located approximately one mile

northeast of the wharf.

The three areas will be connected by an overhead conveyor belt system within a 15.2 meter

wide corridor. Unit coal trains will be unloaded at the Remote Storage area.

Figure 3 provides a general schematic of LAXT.

Figure 3. General Site Configuration Los Angeles Dry Bulk Terminal.
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Concept Operations Planning and Engineering

In mid 1992, the Port of Los Angeles contracted with The Ralph M. Parsons Company to pro-

vide engineering services for the infrastructure and site development of the LAXT. De Leuw, Cather

& Company, as a sub-contractor to The Ralph M. Parsons Company, was responsible for the railroad

operations analysis, track layout, and signals design.

Even with projects as large as the 2020 plan, site constraints posed challenges because of the

mix of other terminal facilities to be provided in the overall port expansion plan. The LAXT Remote

Storage site, for example, was bounded on the north by a major highway (Seaside Avenue) and on

the south by a new American President Lines (APL) container and on-dock intermodal container

transfer facility. Initial LAXT feasibility reports and sketches provided to De Leuw, Cather at the be-

ginning of the project indicated a general oval, three-track loop configuration, with a circumference

of about 2133 meters (7000 feet). It was stipulated by the port that no major changes to site dimen-

sions could be made. Trains were to be unloaded by a tandem rotary dumper, at a location to be de-

termined, within the terminal track network.

Typically, a unit train-rotary dumper operation involves a track configuration that permits the

arriving train to proceed directly to the dumper, be indexed through the dumper, then proceed out of

the facility when the dumping is finished. This type of operation requires about 7000 feet of "arrival"

track in front of the dumper and about 7000 feet of "departure" track in back. Such 7000-foot

arrival/departure tracks could not be provided at the LAXT site because the unit trains would, ( 1 ) block

numerous grade crossings, and (2) cause major interference to other train movements by blocking the

principal railroad access/egress throat on Terminal Island. Thus, coal unit trains would have to pro-

ceed directly into LAXT and be accommodated within the facility. Another operational consideration

was the desire to use the outside track on the loop network to hold/store container cars in support of

the adjacent APL double-stack operation.

Given these constraints, the operations analysis task began. One of the first objectives was to

develop an operations design criteria. One of the first activities to accomplish this was to contact the

potential user railroads—Santa Fe, Southern Pacific, and the Union Pacific—for input and comments.

An initial option to be explored was the desirability of uncoupling locomotives from unit trains;

in some cases, distance traveled within the loop network could be saved by uncoupling the locomotives

from the front end of the train and coupling them to the rear end. (It should be noted that a typical

10,000-ton unit train is about 5,700-6,000 feet long; therefore, when a train is completely on the loop

track, about 1,700-1,400 feet remain between the front locomotive pilot and the last car of the train.)

Independent of one another and unanimously, all railroads agreed that it was undesirable to

break train integrity and that they would keep their locomotives coupled to the train during the entire

unloading process. The railroad representatives stated that uncoupling complicates train operation

and invites train brake and other mechanical malfunctions. Mechanical delays in the loop track net-

work could be prolonged because of the need to locate the trouble point on a 6000-foot train and the

length of time it would take to get mechanical personnel to troubleshoot and to repair the train. It

might also be necessary to take the car out of the train. Mechanical problems could seriously affect

tight unloading and train operations schedules.

Interviews and discussions continued. The following list identifies the objectives and con-

straints that guided development of the operational layouts presented herein. These guidelines repre-

sent the collective input from the railroads and the concept planning fo. the bulk terminal.

Railroad Operations Objectives

1

.

Operations should be as simple as possible.

2. Train integrity should be maintained (no uncoupling).

3. Direct train access should be provided to the unloading track.
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4. The track network should accommodate the simultaneous unloading of one train and the ar-

rival of a second train.

5. Holding capability should be provided for inbound and outbound trains.

6. Switching interference to the container hold track (Track 3) should be minimized.

7. Track storage space on the container hold track should be maximized.

8. Distance traveled in the loop network should be minimized.

Layout Specifications/Design Constraints

1

.

Because of conveyor belt configurations, the car dumper must be located on the north side

tangent of the loop.

2. Trains must be handled by an indexer for unloading.

3. The basic dimensions of the loop track network cannot be changed.

Recommended Operations Plan and Layout

Following the criteria itemized above, three principal alternatives were investigated and evalu-

ated, which addressed train access from either the north side or the south side of the yard. North ac-

cess involved trains entering terminal loop tracks on the tangent trackage closest to Seaside Avenue.

South access involved using the tangent loop track adjacent to the container yard. Terminal layout

constraints and the high desirability of placing turnouts on tangent track precluded other access al-

ternatives.

The alternative evaluated as the most favorable has a train entering the loop network from the

south side and exiting on the north side. This alternative, referred to as the South Access, is further

explained in the next paragraphs. The basic movement sequence is illustrated on Figure 4.

For reference, loop tracks are numbered as follows:

Loop track 1 (Inner track) bulk train unloading track

Loop track 2 (Middle track) bulk train holding track

Loop track 3 (Outer track) container train holding/storage track

Figure 4. South Access Alternative Recommended Ti-ain Operations Plan.
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Entry—a loaded train will enter the south side ladder crossovers to access Track 1 from the lead

track. The loaded train has to circle the loop about one and one-half times to be in position at the car

indexer. Direction of travel is clockwise.

Unloading—The indexer will position the train for unloading. A train will take about two and

one-half to three hours to unload and will make another cycle on Track 1 . As the train is completely

on Track 1 during unloading, a second loaded train could move onto Track 2 while the unloading is

in process. The second train would have to make about one and one-half cycles to get completely on

Track 2 and clear the north side exit crossover tracks.

Exit—The empty train would use the north side crossover tracks to exit the loop tracks and ter-

minal. If the main line through the Terminal Island throat region is not clear. Track 3 could be used

as a holding/departure track. However, this would preclude Track 3's use for container storage. The

second train cannot move onto Track 1 to unload until the empty train clears it.

Track layout for this alternative was arranged so that Track 3 could be used for either bulk ter-

minal or container functions. The conflict between using Track 3 for either purpose was a pressing

issue concerning bulk terminal rail operations. All options face this issue.

The principal operational constraint, however, was the perceived ability and dependability of an

empty unit train to access the outbound Terminal Island main line immediately after unloading. The

departing unit train must be fitted into the total railroad network throat, which serves a number of

other terminals. It is important to realize that all impending unloading operations will be delayed at

LAXT if the empty train cannot move completely off the unloading track (Track 1 ).

Operations analysis indicated that the principal advantage of a South Access Alternative was

that it minimized the length of track needed to exit the terminal. Essentially all other operational fac-

tors were the same for the other alternatives considered.

The initial operations plan, as presented above, was developed in October 1992. It remains the

operating strategy to this day, except for two important modifications. First, the need to jointly use

the third track for APL storage has been eliminated. This decision was made because of the desire to

keep complete security between the two facilities, container cars stored on Track 3 might not be avail-

able when needed due to unit train operations, and Track 3 might be needed as a departure/hold track

for coal trains if departure clearance is not granted due to rail traffic in the Terminal Island throat area.

The second modification is that the track configuration has been simplified. Now the terminal

access track ties directly into Track 3, thereby reducing the crossover moves required for entry from

three to two.

Track Layout and Engineering Considerations

Laying out and engineering the LAXT track configuration presented interesting challenges.

Building on discussions with materials handling equipment suppliers, the railroads, and incorporat-

ing standard railroad engineering practices, the following general railroad engineering guidelines

were developed for the LAXT:

1. Use number 10 turnouts throughout.

2. Do not locate turnouts on curves.

3. Use 10 degree as a maximum curvature and make every effort to minimize curvature; 7 de-

gree is preferable.

4. Provide 125 feet of tangent between the end of one crossover and the beginning of another.

5. Use spirals on all curves.

6. Use the rotary dumper track for unloading movement only. Trains are not to move on the

dumper track for positioning moves.

7. Indexer should not have to pull trains through an "S" type crossover.
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In particular, two of the above criteria proved to be challenging from the engineering layout per-

spective: (1) not to locate turnouts on curves and (2) to provide a dumper bypass track for position-

ing moves. In the first case, the high percentage of curvature in the total LAXT track network seri-

ously limited the space available to place turnouts. Further complicating the situation was the

necessity to cross over between three tracks and to provide universal access to each track.

Using a classical oval configuration, the dilemma posed by the second case (bypass track) is il-

lustrated in Figure 5. This configuration would require an entering train to traverse two "S" type

crossover moves, 180 degrees of curvature, then negotiate the two turnouts of the dumper bypass

track. This was deemed highly undesirable by the De Leuw, Gather operations and engineering de-

signers. Simply put, a better way had to be found!

Paul Dwiggins, lead track engineer on the design team, developed a very creative and simple so-

lution to the problem: use the diverging move side of turnouts as the through route. This approach re-

sulted in a "trioval" form and is illustrated in Figure 6. The "trioval" did lessen, somewhat, the area in-

side the loop for bulk commodity storage; however, this reduction was not enough to adversely impact

terminal handling capabilities. As a result of using the turnouts in this fashion, a straight route through

the dumper is provided; positioning moves bypassing the dumper are easily accomplished; and there are

only two commonly used "S" type crossover moves in the entire terminal track network—those required

to enter the terminal at the south side. (Use of the set out track would also require an "S" type crossover

move.) As compared to the original oval this unique use of turnouts has resulted in a simpler and less

accident prone track configuration because it requires four less facing point moves and one less facing

point diverging move. Figures 7, 8 and 9, further illustrate the LAXT track layout strategy.

Figure 5. Schematic Initial "TEST" Concept Track Configuration.

Figure 6. Schematic Final Track Configuration.
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As presently configured, LAXT will have about 95144 meters (29,000 feet) of track and twenty

turnouts. Loop track curvature varies between 8°20' and 8''50'.

Signals and lY-ain Movement Control

Train movements within LAXT will be made under yard limit rules. There will be a yard con-

trol center located in the dumper control room. Switches within the terminal will be power operated

and controlled from the yard control center. Train movements will be authorized by radio; power

switches will be interlocked and have route indicating lights.

An important consideration in the design of the signal system was that the terminal could be

used by three railroads. The design team wished to make the terminal as "user friendly" to the vari-

ous train crews as possible. Train movements through interlockings will be authorized by route indi-

cator signals. A red aspect will be displayed when no route is cleared and will indicate STOP. PRO-

CEED will be indicated by a lunar aspect; but instead of the conventional solid lunar aspect, a

Figure 7. General Site Configuration Los Angeles Dry Bulk Terminal.

Figure 8. Perspective Northwest Quadrant Showing Right Hand Track Configuration.
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Figure 9. Perspective Northeast Quadrant Showing Right Hand Track Configuration.
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Figure 10. Typical Signal Aspects.

numerical lunar aspect will be displayed. The numerical aspect will coincide with the destination

track number of the cleared route. Figure 10 illustrates the signal aspects.

Thus, the engineer will not only know that he is cleared to proceed, but also to which track. This

will also serve as a check on verbal radio instruction received from the LAXT control center. But

more importantly, the numerical indication will serve as a confidence builder for the engineer, who

is responsible for handling a 10,000-ton train through an elaborate track network.

Project Status as of March 1995

Final engineering plans have been submitted to the Port of Los Angeles. As of this writing.

Advertisement for Bids is anticipated for sometime in May. Bids will be received in July and Notice

to Proceed will be given in September. LAXT is to be operational during the first quarter of 1997.
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COMMITTEE 16—ECONOMICS OF RAILWAY

ENGINEERING AND OPERATIONS
Chairman: J.F.R. Gussow

Assignment D-7-92: Economics of various vegetation control methods,

collaborating with committees 1 and 13

By: M.R. 631x13,"= Subconunittee Chairman

The following information outlines the results of a survey which was distributed by AREA's
Committee 16 subcommittee D-3-88, Economics of Vegetation Control Methods.

The focus of this survey was to obtain information in three primary categories with respect to

railroad vegetation work. One, who does the vegetation control on you railroad vegetation work. One,

who does the vegetation control on your railroad (you or a contractor)? Two, how much does it cost?

and three, how often do you do it? With this in mind, the survey was sent out to over 100 railroads

throughout the United States with these results:

Mainline Railroads

Weed Spraying

Based on the results of this survey, 100% of all weed spraying is done by a contractor with an

exception, one railroad sprays its own structures. Average annual main track spray costs range from

a high of ninety dollars an acre in the southeast to a low of sixty-five dollars an acre in the southwest.

Also, all railroads spray in the spring, with fifty percent spraying again in the summer and fifty per-

cent spraying on an as needed basis. Refer to Table One for cost breakdowns.

Brush Cutting

Eighty percent of the railroads do main track brush cutting themselves with twenty percent con-

tracting the work out. The remainder of the brush cutting work (branchlines, sidings, structures,

crossings, and yards) are done exclusively by railroad forces. Prices range from $200/acre in the north

to $125/acre in the southwest. All railroads responding indicated that this was done on an as-needed

basis. Refer to Table One for cost breakdowns.

Shortline Railroads

Weed Spraying

Of the railroads responding, only five percent indicted they do their own weed spraying on main

tracks and sidings. All other weed spraying is done by the contractor. The cost was an average of

eighty-five dollars an acre regardless of what type of spraying wa done (see Table One). Frequency

was spring, summer4r and as needed.

Brush Cutting

Again, the railroad performed ninety-nine percent of all brush cutting themselves. Costs were

in the $ 1 30 to $ 1 50 range (see Table One), with this done as needed only.

Terminal Railroads

Weed Spraying

All railroads responded that contractors do 100% of the weed spraying. Prices were eighty dol-

lars an acre for main tracks to $100/acre for structures, and all work was done in the spring.

Brush Cutting

No brush cutting responses were received.

'Subcommittee Chairman, Bureau of Railroads, IL DOT
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Table 2. Area Committee 16, Subcommittee D-3-88

Vegetation Control Methods Average Annual Vegetation Costs Per Acre



GUIDELINES FOR THE SELECTION OF BALLAST
MATERIAL AND MAINTENANCE TECHNIQUE

By: Steven Chrismer*

Executive Summary

Maintenance decisions regarding ballast are often made without first determining if the prob-

lem is ballast-related. As a result, maintenance dollars can be misdirected. An example of this is

when, to prevent subgrade infiltration, the fouled ballast is removed without a properly graded sub-

ballast being added for separation. This may result in the new ballast becoming fouled again, thus re-

quiring additional maintenance soon afterwards.

To avoid this kind of mistake, a review process has been developed that would first determine

if the track problem can be addressed by ballast-related maintenance. If ballast maintenance is re-

quired, the most appropriate and economical kind of maintenance can be found by using the ballast

maintenance model, BALLAST2.

Within the BALLAST2 model, certain nominal track conditions, which reflect industry average

conditions, are used as default input values. By changing these inputs, the model can be used to ob-

tain life cycle costs of various maintenance strategies and decisions. From these analyses, general

guidelines have been developed to show which practices result in lower solution costs. The guidelines

consider the changes in costs associated with changing ballast depth, tie type, maintenance technique,

and subgrade strength, among other items.

Introduction

The track engineer, responsible for determining the timing and type of ballast maintenance re-

quired, is faced with the difficult decision of reviewing the various alternatives to track maintenance.

Selecting a different ballast material or maintenance method from one previously used may result in

lower costs over the ballast life. However, demonstrating this requires engineering and economic-

based decisions. If a planning tool was available to consider the life cycle costs resulting from vary-

ing such items as ballast material quality, track quality standards, or maintenance practices, an eco-

nomic argument could be made for a particular material choice or maintenance strategy.

The BALLAST2 model was derived for this purpose. The model predicts the timing of required

ballast maintenance based on the predicted rate of track settlement and associated roughness. Rather

than predicting this roughness from a statistical database, or other such empirical methods, the model

takes a mechanistic approach. The mechanisms of settlement, wheel load distribution, and ballast ma-

terial quality are first considered. The amount of influence these have on the rate of track settlement

are then quantified by laboratory and field tests. The resulting relationship is used in the model.

Depending on the user-defined magnitude of wheel loads, material quality and other items, a

life cycle cost is calculated by the model. After a number of runs, the user may select the optimum

solution based on the least life cycle cost.

The model can be used to provide general statements or guidelines regarding ballast material

use and maintenance practices which could minimize life cycle cost. For example, a railroad may

specify that ballast depth should be twelve inches without regard to loading and economic conditions.

The model can predict the optimum depth necessary for a given application based on life cycle cost.

As another example, a railroad may change from wood to concrete ties because of the increased gage

restraint of the latter. The model can predict how the stiffer concrete ties affect the substructure

stresses and the associated maintenance cost.

'Senior Engineer, Association of American Railroads (AAR) Transportation Technology Center
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Before applying the BALLAST2 model, the user should be certain that ballast-related mainte-

nance is appropriate. In the next section, preliminary guidelines are offered to help determine the na-

ture of the maintenance problem. If the problem can be addressed by ballast maintenance then the

mechanistic, economic model may be used to determine the practice that provides the most cost ef-

fective solution.

General Track Maintenance Guidelines

Before a ballast maintenance technique is selected, there should be a process which reviews the

problem to determine if ballast maintenance is an appropriate remedy, compared to some other kind

of track maintenance. For example, consider the tamping of dipped joints. Tamping often has little

success in producing a long lasting smoothing effect for this kind of track fault. As the bent rail at a

joint is relatively inflexible over this small wavelength track fault, the defect quickly returns when

traffic resumes after tamping. A better remedy might be rail straightening, or replacement of jointed

rail with Continuous Welded Rail (CWR).

Another situation where ballast maintenance is often applied is tamping at abrupt changes in

track stiffness such as at crossings and bridge approaches. This method has a questionable effective-

ness. A more durable solution, other than tamping, might be to provide a stiffness transition section

by changing tie spacing or modifying track support stiffness, as discussed by Kerr and Moroney.'

In order to arrive at the most economical maintenance decision, it is recommended that the sub-

structure be investigated by excavating at a few locations along the track, either by cross trenching or at

minimum, by digging a few holes from the end of the tie down to the subgrade layer Samples from the

substructure layers may be analyzed with simple, rapid techniques in the field, or later in the laboratory,

to determine the condition of the layers. This information, together with the thickness and contours of

the layers, allows for identification of the source of the instability and the selection of an appropriate

maintenance remedy. A procedure for this type of investigation has been developed,^ and the technique

has been used with success in determining the cause(s) of substructure problems and their curel

The flow chart shown in Figure 1 is recommended as a starting point. First, determine if the

problem is correctable by ballast-related maintenance; if it is, select between the two main types of

ballast maintenance: tamping or ballast renewal. The next step would be to use the BALLAST2
model to determine what specific type of tamping or ballast renewal is most economical.

To use the flow chart in Figure 1 , start at the indicated point and proceed as shown by the ar-

rows and decision points. If the ballast is not "highly fouled"—about thirty percent or more material

passing the No. 4 sieve around the bottom or sides of the tie—and there are no objectional track

geometry problems, then no maintenance is required. If ballast is not highly fouled, yet the track is

rough, then tamping is recommended if the track fault wavelengths are greater than about fifteen feet

(treatable by tamping). If the preceding statement is true, and an excavation in the track substructure

reveals subgrade surface distress as shown in Figure 2, then the granular depth (ballast plus subbal-

last) may need to be increased to lower the stress on the subgrade. Methods to design the required

depth are discussed by D. Li."

In addition to reducing subgrade stress, it may be necessary to address the problem of water sit-

ting in "ballast pocket" depressions in places with wetter climates and with softer soils. The subgrade

may need to be re-graded in order to provide a flat or slightly crowned surface to eliminate the water

pockets. Sub-surface drainage may also be required to drain the water from the pockets.'

Although the flow chart and model of Figures 1 and 2 do not distinguish between the soft subgrade

failure modes, different mechanisms are at work. In Case A (progressive shear failure) (Figure 2),

plastic flow occurs at the subgrade interface where the overstressed soil is progressively squeezed

outwards and upwards. In Case B (excessive plastic deformation) (Figure 2), deformation is derived

partly from the near-surface shear failure described in Case A, plus progressive compaction and con-

solidation over some depth of subgrade.
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Figure 1. Flow Chart to Determine if Ballast Maintenance is Required.
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The track fault wavelength can indicate the source of the instability. As British Rail researchers

have found, wavelengths greater than about fifteen feet are typically due to non-uniform support in

the ballast/subgrade track components and are responsive to tamping correction." The research also

found that tamping is ineffective for wavelengths less than about fifteen feet, such as in the case of

the jointed rail mentioned above. For these short wavelength faults, rail maintenance is often recom-

mended (as in the flow chart) to correct the faults and reduce the high frequency wheel-rail impact

loads they produce.

Returning to the starting point of the flow chart (Figure 1 ): if the ballast is highly fouled to the

point where track drainage and geometry are impaired, ballast maintenance is required as shown at

the right-hand side of the flow chart. The kind of ballast maintenance and the need for any additional

work, such as adding a subballast or re-grading the subgrade surface, will only be revealed by an ex-

cavation into the substructure. If subgrade surface profiles as shown in Figure 2 are seen, it is reason-

able to assume that soft subgrade, together with the fouled ballast, has probably contributed to the in-

stability. As shown in the flow chart, the recommendation for Case A or B is to renew the ballast,

adding more ballast or subballast depth to reduce the subgrade stresses. As before, the engineer is

urged to consider re-grading the subgrade surface or provide subsurface drainage if it is believed that

the depressed subgrade will retain water. Also, if no layer is present between the fine grained sub-

grade and the ballast (Case E of Figure 3), a properly graded subballast is recommended under the

renewed ballast.

Note that, if the subgrade is very weak, adding granular depth may not stabilize the subgrade.

Also, the effectiveness of drainage in a low permeability soil is often limited. In such a case, exca-

vating and replacing the poor subgrade, or modifying the subgrade in place, may be advisable.

Guidelines for subgrade maintenance alternatives are outside the scope of this work, and are not con-

sidered in this version of the model. For more information on this, see Selig and Waters.'

When deciding on the type of maintenance needed, one key determination is the predominant

source of ballast fouling. A study of the causes and sources of ballast fouling at thirty-five track sites

around the United States showed that, on on average for all sites combined, seventy-three percent of

the fouling particles (smaller than 3/8 inch) were derived from ballast breakdown". Infiltration from

the underlying granular layer (Case D in Figure 3), accounted for fourteen percent of the fouling, and

subgrade infiltration (Case E) represented only five percent.

If an excavation and analysis of the layers reveals conditions as shown in Case C of Figure 3,

where the layers appear distinct in texture and perhaps color, with well defined boundaries, then bal-

last breakdown is the likely main source of fouling. Also shown are fouling from tie wear and surface

infiltration, although these were not found to be major contributors to the ballast fouling*. As the flow

chart in Figure 1 indicates, for Case C, the recommended remedy is to add to, or renew, the ballast.

If the gradation of the layer underlying the ballast contains an abundance of fines (silt and clay

sized particle which pass a #200 sieve), relative to the large particle sizes of the ballast, then some of

the fines may intrude from this layer into the ballast from the action of repeated stresses in the pres-

ence of water. Even if the particles in the underlying layer are sand-sized (not considered "fine") and

durable, their gradation may not satisfy the requirements to maintain separation from the ballast. As

shown in the flow chart for Case D, ballast renewal, together with a properly graded new subballast

layer is recommended. Note that a geotextile may be substituted for a new subballast if the underly-

ing layer has no more than about ten percent fines. These fines are smaller than the equivalent open-

ing sizes of most geotextiles, and if they are abundant, are likely to move upward through the geo-

textile and into the ballast.

Case E in Figure 3 shows how the lack of a properly graded subballast can permit subgrade

pumping into the ballast. It seems natural to assume that the fine grained subgrade would be soft.

However, in many of the documented cases where Case E ballast fouling was found, the subgrade
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Ballast Breakdown. Tie Wear, and Surface Infiltration

Causing Ballast Fouling (CaseC)

Subgrade Infiltration Causing Ballast Fouling (Case E)

Figure 3. Substructure Layers and Ballast Fouling Mechanisms.

was a hard but abradable clay-rich rock such as shale or mudstone. This fouling mechanism is known

as subgrade attrition, where, in the presence of water and with repeated loading, the angular ballast

particles abrade the subgrade surface, forming a clay-rich slurry which eventually works up to the

ballast surface. The recommended solution in the flow chart is to remove the old ballast and place a

properly graded subballast and new ballast. A geotextile placed over the abradable subgrade would

not prevent the slurry migration since the clay-sized particles are many times smaller than the geo-

textile voids.

Ballast Maintenance Model (BALLAST2)

If it is determined from the flow chart in Figure 1 that the cause(s) of track instability and the

track components in need of maintenance can be addressed by ballast maintenance, the next step is

to determine the most cost effective maintenance technique and ballast selection.

The main elements of the maintenance model are shown in Figure 4. First, the model requests

the choice of maintenance. The possible maintenance strategies are:

1. Renewal of the ballast in the first year either by: a) undercutting/cleaning (U/C) which po-

tentially allows some percentage of the larger particles of the old ballast to be returned to

track, or by b) plowing which does not allow returning any of the old ballast.

2. Tamp the existing ballast in the first year, then renew the ballast later when the life of the

current ballast is expired either by U/C or by plowing.

3. Tamp the existing ballast in the first year, and as needed in the future, without renewal of the

ballast but with added increments of new ballast placed under the tie by the tamper.
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Figure 4. BALLAST 2 Model Construction.

Option one is not meant to indicate that the ballast is never tamped. Tamping is assumed to

occur just after renewal and as needed during the ballast life when track roughness is exceeded.

Options one and two assume that renewal of the ballast will take place (now or in the future), whereas

option three represents the practice of only tamping without ever renewing the ballast. A specified

amount of new ballast (perhaps, an inch or two) may be placed under the tie with option three but the

ballast is never "renewed" in the sense of a full depth (twelve inches or so) replacement.

Data is then requested on the existing and replacement ballast. The user must enter such infor-

mation as the material cost, hauling distance from the quarry, and material quality. Track data is en-

tered next. Tie type, track modulus, and substructure conditions would be some of the information re-

quested in this section. Cost data for labor and equipment, on each of the three types of ballast

maintenance, are also to be entered. In this section, the user would type in the number of personnel

needed for each job title and the wages, along with maintenance machine speed, productivity and

cost. These data are used by the cost section of the model. Finally, before running the model, the user

would select the value of track roughness at which smoothing maintenance would be required. This

value is a measure of the deviation from a smoothed profile as will be described later. The value of

track roughness just after smoothing maintenance is requested. This will be a non-zero value, since

no machine will produce perfectly smooth track.

Once these items are specified, the user may elect to run the model. The model will automati-

cally update the conditions of ballast fouling with time, traffic, and maintenance at the beginning of

each year in the analysis. If tamping with added ballast is specified, the change in ballast fouling of

the tamped ballast layer is updated in this step, to account for the new layer of clean ballast.
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After these conditions are updated, the strains of the ballast and subballast layers and the sub-

grade compression in the first year are calculated. The equation for cumulative track settlement from

these layers is written:

Sl=£b*^B+ ^subb * ''subb + ^subg'
^^^

where Si is the total track settlement resulting from the sum of the plastic strain (e) times the ballast

thickness, plus the subballast layer strain times thickness /isubb- P'us the subgrade compression 8subg-

The non-uniform settlement or track roughness is calculated by multiplying the settlement (Si)

by a factor, found by investigation', which relates settlement to roughness. The roughness is defined

by the standard deviation of the top-of-rail measurements along the track relative to a smoothed base

line by the equation:

CTvo = 0-,vo)min + 0. 155^, (2)

where a^o is the standard deviation of the series of vertical offset measurements over a sixty-two foot

chord as made by the track geometry car, (avo)min is the minimum value of track roughness just after

tamping, and 0. 15 is the ratio which relates one inch of total average settlement to 0. 15 inch increase

in CTvo ' The roughness for each year is displayed on the model worksheet as it is calculated.

The ballast life is defined primarily in terms of the amount of breakdown from traffic loading

which causes the ballast voids to become filled. Ballast life, calculated by the model, is dependent

mainly upon the ballast material quality, gradation, and layer thickness. For each year of the analy-

sis, there is a reduction in ballast life which is based on the amount of ballast degradation caused by

traffic loading and the infiltration of fines external to the ballast incurred during the year. If mainte-

nance is performed in a given year, there may be a net reduction or increase in remaining ballast life

depending upon the nature of the maintenance. The percentage of ballast life used is displayed next

to the roughness for each year of the analysis.

Next, the program determines if the ballast life has expired. When this condition has been met,

the analysis may be at an end, depending upon what maintenance strategy the user specified, as will

be explained later. For the first year of analysis, the answer should be "no," and the model then de-

termines if the track roughness is exceeded. Again, the answer for the first year should be "no." The

model then assumes that the analysis should continue (with no maintenance applied) for another year.

The conditions are updated again for the start of the new year, and the model continues the analysis

for another year.

If track roughness exceeds the upper limit, the model determines that tamping should occur. If

the user chooses to renew the ballast in the first year, and tamp when the track becomes too rough,

the model will always apply tamping each time this conditions occurs until the end of the ballast life,

at which point the analysis is ended. However, if the user selected option three of only tamping with

added increments of ballast without ever renewing the ballast, tamping will be applied to the rough

track unless five such tamping applications have already occurred since the first year. The limit of five

tamping applications is imposed under these conditions because tamping with added ballast could con-

ceivably continue forever without an end to ballast life. After tamping, the track roughness then remms

to the "smoothed" condition and the progression of track roughness again increases from this value.

After a certain amount of years, the ballast life may expire. When this occurs, the model refers

to the maintenance strategy to determine if this should be the end of the analysis. The run ends if the

ballast has been replaced and the ballast life of the replacement ballast equals zero, or if the practice

of tamping with added ballast has occurred five times.
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With the end of the analysis, the model computes the cost of the initial maintenance and that of

the maintenance performed during the ballast' life. All costs are brought to the present, and then cal-

culated as a series of uniform yearly payments (or equivalent annual cost, EAC) made over the bal-

last' life. This EAC is the ballast life cycle cost and is displayed on the worksheet along with the

yearly track roughness and percentage ballast life used data. The user then has the option of per-

forming another run to determine the effect of changing one or more parameters.

In the next section, many models analyses were performed to determine the effect of track char-

acteristics and component selection on ballast life cycle cost for a number of conmion situations.

Case Studies of Ballast-Related Maintenance

Figure 5 shows the sensitivity of the ballast life cycle cost (the EAC) to the major input vari-

ables. The range of the input variables represent the common variations in the industry. Nominal val-

ues for each input, shown just under the line representing the nominal ballast life cycle cost of

$4810/mile/year, were chosen based on industry average conditions. The nominal value of other input

variables not shown in Figure 5 can be found in an AAR report to be published later.'

Note that the model output is affected by the value of some inputs more than others. While some

inputs had an approximately linear affect on the costs, others (most notably Federal Railroad

Administration (ERA) track class, ballast depth, and subgrade strength) displayed an exponential in-

fluence.

The conclusions drawn from the results of varying one or more of the input variables are based

on the input values used, which are assumed to reflect nominal conditions, typical of most railroads.

For a different set of assumptions regarding what is "nominal," different conclusions may be found.

However, since industry average values are used reflecting common situations, the predicted results

should be valid in most cases. In the remainder of this section the reasons for the cost differences for

each of the variable track conditions are discussed.

Wood Versus Concrete Ties

The tie material can have a large influence on the stress distribution and magnitude between tie

and ballast. The stress distribution just under both tie types—wood or concrete—is shown in Figure 6.

Note that the ballast vertical stress under the concrete tie is more concentrated at the tie ends as com-

es
0)^ 6000

0)

^4000
O
<
liJ
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pared to the wood tie, which has the maximum stresses under the rails. This higher ballast stress

under the concrete tie is largely due to the wider tie spacing. The stress concentration at the ends of

the concrete tie is due to its greater stiffness compared to the wood tie. The model considers the ef-

fect of tie type upon ballast stress and in both the ballast life and settlement calculations. In the model

calculations, the ballast life is shortened and the ballast settlement rate is increased in direct propor-

tion to the maximum ballast-tie vertical stress. Therefore, the effect of tie type is often reflected in

the ballast life cycle and surfacing cycle durations predicted by the model.

There is some field evidence which shows a greater rate of ballast breakdown under concrete

ties when compared to wood ties'". Selig has measured the annual change in gradation in a ballast test

section with wood ties over a period of three years. The wood ties were then replaced with concrete

ties and data was collected for the following three years. The data showed slightly more breakdown

under the concrete ties than under the wood ties over three years. However, Selig cautions that since

the ballast was tamped when the concrete ties were installed, some of the difference on breakdown

may be due to the tamping. Also, there could be a fatigue effect where the ballast would break down

faster with the length of time in track.

The ballast life cycle cost, predicted by the model for both tie types is shown below.

EAC ($/MileA'ear)

Wood
$4810

Concrete

$5350

The increased cost with concrete ties is due to the shorter estimated ballast life (10 years under

concrete ties as opposed to 13 years for the wood ties), resulting from the larger ballast stresses.

The increased ballast life cycle cost of using concrete ties may be justified if other costs are re-

duced sufficiently. For example, if a concrete tie has a significantly longer life than a wood tie, or if

the stiffer fastener system on a concrete tie resists a rail rollover derailment better than on a wood tie,

these factors can determine if the overall track system cost is reduced by using concrete ties.

33 KIPS 33 KIPS

Ballast Vertical

Pressure Under
Tie

(psi)

Ballast Vertical

Pressure Under
Tie

(psi)

Figure 6. Ballast Vertical Pressure Distribution Under Wood and Concrete Ties.
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Ballast Material Quality

Because ballast breakdown is the source for most of the fouling particles," the breakdown rate,

as reflected by material quality, has a large influence on the life cycle duration and cost. Abrasion

number or A^," which was used as the measure of material quality in the BALLAST2 model, has

been found to relate to the ballast breakdown rate with a reasonable degree of accuracy.'"^ To deter-

mine the effect of material quality upon ballast life cycle cost, the Af^ was varied from twenty-five

(very good), to sixty-five (poor), with the purchase cost adjusted accordingly as shown in Figure 7.

Ballast life cycle cost increases exponentially with decreasing material quality.

The purchase price of ballast often varies with material quality. Because the range of purchase

price with an A/v is relatively small compared to the range of ballast life with an A^y the life cycle cost

is lower for better quality, yet higher priced ballast. Similarly, even with a lower purchase price, the

life cycle cost of lower quality ballast increases, since it requires more frequent renewal.

Although the A/^ has been related with some success to ballast life, other ballast properties not

reflected in this measure may be important. For example, an experienced petrographer may examine

the rock sample further and determine that it may be prone to chemical weathering or some other

mechanism which was not evaluated in the Mill Abrasion or L. A. Abrasion tests which determine the

A[^i value. For this reason, a petrographic evaluation is always recommended.

Traffic Density MGT (Million Gross Tons)

The nominal case uses a traffic density of 50 MGT/yr. Not surprisingly, ballast life cycle cost

increases as the amount of traffic increases. Consider the cost of using ballast of various material

qualities and changing the yearly tonnage from 25 to 100 MGT/yr (Figure 8). It appears that there is

a greater penalty for using a poor quality ballast on a high density track as compared to a low den-

sity track.

The larger annual tonnage shortens the ballast life and increases the deformation rate over time.

This causes more frequent ballast renewal and tamping applications. Therefore, the life cycle cost of

a weak ballast (as compared with a strong ballast) is affected more by an increase in tonnage.
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Abrasion Number, Ajg
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Figure 8. Ballast Life Cycle Cost with Abrasion Number and TrafTic Tonnage.

To determine if maintenance decisions are significantly influenced by annual tonnage levels, the

life cycle costs of undercutting, plowing, and tamping were determined. It was found that for 25, 50,

75 and 100 MGT/yr, the costs for each maintenance technique increased by the same proportion. This

implies that annual tonnage does not affect the most economical choice of maintenance techniques.

FRA Track Class

The amount of allowable track degradation has an economic impact because of the frequency

of tamping cycles required to maintain track geometry to acceptable levels. The FRA has established

guidelines which specify the allowable deviations, or offsets from a chord, measured from a straight

line reference (provided by a track geometry car, TGC) from the rail head. If a TGC measures an off-

set exceeding this limit, the track fault must be corrected. Although TGCs measure offsets in both the

vertical and horizontal planes, only the vertical offsets are considered here, since settlement and track

roughness are mostly due to the geotechnical components of track.

The track is made up of many fault wavelengths and amplitudes, which contribute to the over-

all track roughness. To characterize this roughness, the model uses the standard deviation of the se-

ries of vertical offsets (avo shown in equation 2) measured by the TGC. The ovo is related to the

probability of measuring a maximum allowable vertical offset (VOmax in Figure 9) for a given FRA
track class. For example, if the goal is to maintain to FRA Class 4 standards, the upper limit of oyo

is between 0.52 and 0.60 inches."
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There is a range in the allowable ayo value depending on the allowable probability of measur-

ing an offset equal to or greater than the maximum allowable value (^vo>vOmax)- Since the TGC typ-

ically measures data at every foot, the /'vo>vOmax •'^ '^^ number of exceptions one can expect to mea-

sure for every number of linear track feet in the denominator. For example, if the goal is to maintain

FRA Class 4 standards, and if one can accept measuring a FRA exception every half mile, then

''vo>vOn,ax '^ ^^^ ^° 1/2500, and the upper limit of oyo = 060 inches is chosen. If a high Track Class

4 maintenance level is desired, the lowest probability of measuring a defect should be selected

(1/10000). The corresponding ayo 's then 0.52 inches. The nominal case is Track Class 4 with a less

restrictive /'vo>vOmax °f 1/5000, with a corresponding ctvo of 0.56 inches.

If Track Classes 3, 5, and 6 are also considered at the nominal /'vo>vOmax' ^^^ model gives the

tamping requirements shown in Figure 10, and the ballast life cycle costs shown in Figure 11. Track

Class 3 requires two tamping cycles during the ballast life. Track Class 4 requires three tamping cy-

Upper Limit of Track
Roughness

Track Roughness After

Tamping

I
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Figure 10. Increasing Frequency of Surfacing Required to Maintain FRA Track Class.

FRA Track Class

Figure 11. FRA Tirack Class and Related Ballast Life Cycle Costs.
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cles which increases the life cycle cost somewhat. Class 5 and 6 track require, respectively, five and

eleven tamping cycles and the life cycle cost increases accordingly in an exponential fashion. Note

that Track Class 6, for nominal conditions, requires tamping more frequently than 12 months, since

the track is significantly worse than the upper limit after one year; therefore, the cost for Class 6 is

probably understated. However, the model cannot currently consider tamping cycles which are less

than one year apart.

Maintenance Technique

The type of maintenance chosen has a major effect on ballast life cycle costs. The maintenance

strategies la, lb, 2a, 2b, and 3 as described in the section. Ballast Maintenance Model, are considered.

When undercutting, the amount of reclaimable ballast (larger than the sieve size used), depends

upon the gradation of the ballast layers. The undercutter operator may also control the amount of re-

claimed ballast, by wasting some or all of the material as it comes up the belt from the undercutter

chain, to achieve faster machine speed along the track. In order to include these effects on the ballast

life cycle cost, the model was run for zero, twenty, forty, sixty, and eighty percent reclaimed ballast.

As shown in Figure 12, the greater amount of reclaimable ballast makes undercutting increasingly at-

tractive since less new ballast is needed.

Plowing is the process of removing all ballast with a plow-like implement pulled by a locomo-

tive. Though not performed as often by the industry as undercutting, it can be competitive with other

methods as shown by the EAC of $5010 for nominal conditions. In a cost comparison with under-

cutting, Figure 1 2 shows that plowing becomes economically attractive when the reclaimable ballast

is below about thirty percent under the conditions considered in this study.

Another maintenance option considered is tamping with added ballast. The analysis was per-

formed considering added ballast depths ranging from one to four inches. As shown in Figure 12, for

small increments of added tamped ballast the ballast life cycle cost for this maintenance technique

compares well with undercutting, cleaning, and plowing, if the expected ballast recovery rates are

low. Also, tamping with added ballast will only be economical, if the underlying ballast does not foul

the new ballast with fines.

Tamping in the initial year, followed by ballast renewal in some later year, is often attractive

economically, since it postpones the higher maintenance cost associated with undercutting or plow-

Incremental Depths of Added Ballast Under Tie (in
]

Tamping with Added InCTemenls of Ballasl

Plowing and Replacing BaJlast

EACnSOia/Mile/Yeai

Percent Ballast Recovered During Undercutting Cleaning (%)

Figure 12. Ballast Life Cycle Cost with Maintenance Technique.
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ing. If the ballast is not highly fouled so that it doesn't need to be replaced for another year or two,

this technique can be economical. This case was modeled assuming that the existing ballast was only

moderately fouled (about twenty percent passing a No. 4 sieve). For nominal conditions, the ballast

life cycle costs of tamping, with later undercutting, and tamping with later plowing are:

EAC (S/MileA'ear)

Tamp, U/C Later Tamp, Plow Later

4310 4470

Note that there is only a slight cost difference between these two options. Although these values were

not plotted in Figure 1 2 in the interest of clarity, these techniques offer a lower cost option compared

to undercutting in the initial year (Figure 12), if the expected ballast return is below about forty-five

percent. Also, they are lower in cost, compared to the techniques of both plowing in the initial year,

and tamping with added ballast.

Ballast Hauling Distance

Though not always recognized as a cost, the hauling of ballast from the quarry to the site in-

volves manpower, energy, and equipment costs. This has been considered in the model on a dollar-

per-mile hauled basis for the terrains of predominately flat, average, or mountainous regions ($0.01,

$0.02, and $0.03/ton-mile, respectively").

The economical hauling distance is primarily a function of ballast material quality (ballast life)

and its purchase price. The Southern Pacific Railroad (SP) used the BALLAST2 model to determine

how far to haul ballast of a certain quarry, and where to begin use of another ballast so that overall sys-

tem cost was minimized. The net result of this analysis was an estimated savings of $7 million/year'*.

To show how such a guideline can be established, an analysis similar to that performed by SP,

is done here. Consider Quarries A and B, which are 500 miles apart. Although the ballast tradition-

ally used in the territory is from Quarry A, raikoad management wants the engineer to consider if

Quarry B should be used. Quarry A has a ballast with an A,^ of 35 (moderately strong) and Quarry B

has an A^ of 55 (moderately weak). Often the purchase price reflects the rock quality, so the price is

assumed to be $7/ton and $5/ton for ballast A and B respectively.

The model was then used to determine the costs of hauling the ballast (on-line) in 100 mile in-

crements from each quarry. The results are shown in Figure 13. Note that the economical hauling dis-

tance reaches a break even point at about 130 miles from Quarry B. This indicates that the longer life of

ballast A justifies its use in track very close to the location of Quarry B, despite ballast A's higher price.

Such an analysis could be performed for an entire track division or system, as was done by SP'".

The selection of ballast from the various available quarries could then be made on a more rational

basis, rather than just considering purchase price alone.

The model also considers the cost of hauling ballast over another railroad (off-line). It is as-

sumed that the cost of doing this is based on a bulk commodity rate, which is estimated as

$0.03/mile/ton". Consider the case shown in Figure 14 where the ballast used is a material with an

A[^ of 55 (moderately weak) at $5/ton from Quarry Y, 100 miles from the site. A stronger but slightly

more expensive ballast is available from Quarry Z which is off-line by some distance, X, with an ad-

ditional 100 miles of on-line hauling. When the distance hauled over the other railroad is varied, the

model shows that there is a break even point at about 100 miles of off-line hauling. If the off-line

hauling distance from Quarry Z is less than 100 miles, then Quarry Z ballast is more economical.

Otherwise, purchasing ballast from Quarry Y is justified.

Often railroads seek to avoid any off-line hauUng of ballast due to the perception that it is pro-

hibitively expensive. However, when the purchase price, material quality, and hauling miles are all con-

sidered on a life cycle basis, there is often a case to be made for obtaining ballast from an off-line quarry.
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Quarry A. f^ 35. $7Aon

EAC/mile from Quarry A ^
S3650 $3940

Quarry B. A^ 55, SSflon

$5100 $5390

$7040
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This tradeoff was determined by using the BALLAST2 model. First, the tons of ballast required

per mile of track must be determined as a function of ballast depth under tie. The equations which re-

late ballast area under tie and in crib sections are shown in Figure 15. To obtain the ballast volume

per track foot, the portion of ballast which is covered by ties and that which is in the crib were found

for the assumed conditions shown. The distance between ties is ten inches, so the crib ballast volume

per track foot is 10/19 multiplied by Aj. The tie width is assumed to be nine inches, so the under tie

ballast volume per track foot is 9/19 multiplied by Ac- When these terms are expanded, the resulting

equation for ballast volume (V) per foot of track is:

V([ft^]/ft) + 3.5 + 10</-l-2rf^ (3)

where d is the ballast depth under the tie in feet. But ballast is usually ordered in tonnage rather than

volume. If a unit weight of 1 15 pounds per cubic foot is assumed, V is converted to tons per mile by:

T(tons/mile) = V(115) (5280 ft /mile) (1 ton / 2000 pounds) (4)

T is plotted versus d in Figure 16. Note that the relationship is slightly non-linear; ballast volume

needed increases at a slowly increasing rate with ballast depth. This relationship was used to deter-

mine the ballast demand with ballast depth for the model.

The effect of increasing ballast purchase price with increasing material quality was also con-

sidered. The resulting ballast life cycle costs are plotted in Figure 17 for ballast depths from four to

eighteen inches. Note the clear indication of an optimum least cost ballast depth for each ballast ma-

terial. Note also that this optimum depth increases for poorer materials. This shows that less ballast

depth is needed for a higher material quality to provide a sufficiently long ballast life, while for the

poorer material, more depth is needed. Finally, Figure 17 also shows that the ballast quality and the

corresponding longer material life, rather than purchase cost, often controls the life cycle cost.

This is just one measure of optimum ballast depth. As mentioned, the depth of both ballast and

subballast (granular depth) must be sufficient to limit stresses on the subgrade to prevent the kind of

Assumed 19" tie spacing, 9" shoulders, 7" x 9" x 102" tie, full cribs,

and 115 Ib/cu. ft. ballast unit weight

.^ L=102" ^.

J ^
Ag= 120(d+7")+2(2d+14")

,„
= (124d+868) in?

Ay= 120(d)+2(2d+14")+2{9(d+?)}

d = (I44d+154) in?

Under Tie Section

Figure 15. Ballast Cross-Sectional Areas in Crib and Under Tie Sections.
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Figure 17. Ballast Life Cycle Costs with Ballast Depth and Material Quality.

subgrade problems shown in Figure 2. However, since subballast is usually less expensive than bal-

last on a per track foot basis, it is probably more economical to select a ballast depth based on ( 1 ) the

above analysis, and (2) the minimum depth needed for tamping (usually about six inches), and select

a subballast depth to provide the remainder of the granular depth required to prevent subgrade failure.

Subgrade Settlement

Ballast is usually the main source of track settlement in the short term (between surfacing op-

erations). A stable subgrade provides a slower, long term track settlement. For stable conditions, the

settlement from both ballast and subgrade could be addressed by tamping at time intervals consid-

ered routine by the industry (about five years or so).

However, if a significant change in subgrade strength or imposed loading occurs, an increased

subgrade settlement rate could dominate the track behavior. With weaker soils, the increased fre-

quency of tamping may escalate recurring expenditures to the point where it is less costly to increase

ballast depth or to apply some type of subgrade improvement, rather than to just rely on surfacing.
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Figure 18. Massive Shear Failure.

It is assumed, in this case, that the subgrade is not failing structurally as in the massive shear

failure shown in Figure 18. This type of subgrade failure rarely occurs in track. As discussed previ-

ously, more common subgrade settlement-related problems are from (1) progressive shear failure,

and (2) excessive plastic deformation. Both of these are likely to occur at stress levels less than those

required for a massive shear failure.

The model does not currently distinguish between the two failure modes shown in Figure 2, but

only predicts a uniform subgrade settlement based on the equation:

SJ, (Inches) = 1.3 X 10-^ f-^ U^„,g
33,,p ,^^^, )Kc (5)

where asubg is the vertical stress on the subgrade in psi, and A^ is the number of load cycles on the sub-

grade from all wheel load magnitudes converted to an equivalent number of 33 kip (1000 lbs. per kip)

wheel load cycle applications. Kc is the ratio of cone penetrometer tip resistance of 1400 psi divided

by the actual measured or assumed tip resistance (qc) over the top ten feet of the subgrade at the site

in question.

1400
Kc= (6)

This correction factor is applied to account for the expected difference in strength and defor-

mation under load between the subgrade from which the settlement rate of 1.3 X 10' inches per load

application was derived' and the subgrade in question.

Because the cone tip resistance has been correlated to subgrade strength and stiffness", it is

thought that there should be a correlation as well with permanent deformation under repeated load-

ing. This is a very simplified approach to predicting subgrade deformation because the measured qc
combines the effects of many soil parameters such as moisture content, dry density, stress state, etc.,

without accounting for how they individually affect the predicted deformation. An improved sub-

grade performance model is currently being devised, and a future version of BALLAST2 will incor-

porate this improved approach to predicting subgrade settlement. For the present, however, using

equation 6 in the model and changing qc should provide a reasonable estimate of how an increasing

amount of subgrade deformation affects the maintenance costs.

The qc measurements shown in Figure 5 range from a very stiff (qc = 1400 psi) to a very soft

soil (qc = 50 psi). These are assumed to apply for a uniform subgrade of infinite depth. The subgrade

settlement calculated by the model (equation 5), is added to that of the ballast and subballast, and

converted to track roughness according to equation 2. The CFT (Cone Penetrometer Tip) resistance

value was varied in the BALLAST2 model from 50 psi (typical for very soft clay) to 400 psi (typi-

cal for hard clay). The effect on EAC is significant only for relatively weak subgrades as shown in

Figure 19.
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Figure 19. Ballast Life Cycle Cost and Subgrade Deformation Resistance.

Weaker soil produces a greater ballast life cycle cost increase when concrete ties are used as

shown in Figure 19. This is not due to an increased stress on the subgrade from the concrete ties since

there is little stress difference at the subgrade level from tie type. Rather, it is due because softer sub-

grades under concrete tie track produce larger ballast stresses at the tie ballast interface as compared

to wood tie track. This produces more ballast settlement and reduces ballast life.

It is generally believed that concrete ties should not be used in track with materials of marginal

quality, because the loading environment is more severe. This effect is predicted by the model in the

case of marginal subgrade as shown in Figure 19. Due to the prediction of greatly increased costs of

using concrete ties over a soft subgrade, track support conditions should be determined before con-

crete ties are to be installed.

Conclusion

The following conclusions are offered as general ballast selection and maintenance guidelines

based on the analyses performed using the BALLAST2 model.

1. Concrete ties moderately increase the ballast life cycle cost when compared to wood ties,

due to larger ballast stresses which increase the ballast breakdown and settlement rates. This

could produce decreased ballast life and more frequent surfacing cycles, particularly with

softer subgrade conditions.

2. Because the range of purchase price with material quality is small, compared to the range of

ballast life with material quality, the life cycle cost is generally lower for better quality, yet

higher priced ballast.

3. As annual tonnage is increased, the life cycle cost increases much more if a low quality bal-

last is used when compared to the use of a higher quality material. This still tends to be true

even when the higher purchase cost of the better material is considered.

4. The ballast life cycle cost of maintaining track to FRA standards is quantified and found to

increase exponentially with higher FRA classes.

5. If manpower and equipment costs are nominal, and if available track time is not too restric-

tive, the most economical choice of a ballast maintenance technique depends mostly upon

the amount of recoverable ballast with undercutting cleaning, and the amount of ballast foul-

ing. The small amount of time and cost incurred to investigate these ballast properties could

provide large economic benefits.
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6. Ballast materials from different quarries can be compared to show the limiting economic dis-

tance of hauling from a quarry to a location along the track. Also, acquiring ballast from an off-

line source has an economic limit which may be as large as 100 miles or more, depending on

the quality of the ballast found there.

7. An economically optimum ballast depth exists as defined primarily by the ballast life. This op-

timum depth is smaller for better quality ballast materials. The ballast depth can be established

by using the BALLAST2 model analysis. Another model, now under development, could be

used to determine the combined depth of ballast and subballast needed to limit the subgrade

stresses. The difference between the optimum ballast depth and the total granular depth needed

for protection of the subgrade would then be the required depth of added subballast.

8. Subgrade deformation is not predicted to significantly affect ballast life cycle cost, unless the

subgrade strength is in the "low" to "very low" category. For such low strength conditions, sub-

grade settlement rate can be expected to control the need for repeated surfacing. The more fre-

quent tamping applications make the ballast life cycle cost increase exponentially as shown in

Figure 11.
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POW'R GRIP DRIVE DOWELS'
K FOUR LEAD
^ SPIRAL THREAD

REDUCE SPLITTING

OF TIES

SALVAGE SPLIT

TIMBER

1/2" 5/8" 3/4 //

P.O. Box 6244
Akron, Ohio 44312

Phone: (216) 733-8367

Fax: (216) 798-0727

r MAGNUM
CONCRETE GRADE CROSSING

• Manufactured to fit

any rail ranging from

115 lb to 1361b.

• Designed for 9 and

10 foot ties.

• Low maintenance

—

long wear.

• Custom designed for

switches.

• Insulated crossings

available.

MAGNUM MANUFACTURING CORPORATION

(801) 785-9700 • FAX (801) 785-9701

Manufacturing locations in: L A
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A Simple Solution to
ComplexTrack Demands.

WOOD. The tried and true treated

wood crosstie. For more than

100 years, your best choice for

durabiUty, economy and strength. Now, with track conditions

more demanding than ever, wood is still your best choice.

Although today's wood ties may not look much different,

innovations in hardware, installation practices and in-track

treatments have enhanced wood's natural benefits to give you a

product that is unmatched
by any other material.

For example, wood's

long service life can be made
even longer with the use of

elastic fasteners. Even under

heavier axle loads in severely abrasive service conditions, plate

wear remains minimal, maintenance costs hold steady.

Appropriate end plating in rugged environments also adds

to tie performance by minimizing splitting problems. You'll

save more ties, more money.

And wood is the only tie material that offers the advantage

of in -place treatment. Traffic doesn't need to be interrupted.

Schedules can be maintained. And, ultimately, tie life can be

extended.

Find out how wood ties will perform in your track.

Get a look into the future, backed by engineering facts and
figures. Recently updated SelecTie™ software from RTA can

give you an accurate look at the life cycle economics of wood

^^^^^^^ versus other materials, including a calcu -

^^B^rj^^ lation of your maintenance costs. SelecTie

Hv IF \ can be leased to you immediately. RTA will

H BL^k even provide a free seminar on its use.

H H^P^A Just write, call or fax your request to the

Railway Tie Association, P.O. Drawer 1039,

Gulf Shores, AL 36547. Phone: (205) 968-5927

or FAX: (205) 968-5929.

RailwayTie

Association



Connect with
Parker for

all your
hose and

fittings needs.

For your air brake applications, fuel

and oil lines or hydraulic system

connections, Parker has the hose

and fittings you need.

Including skive-type hose and fittings

or no-skive hose with permanent or

reuseable fittings.

Or our patented Parkrimp system

that allows you to make
permanent, factory-

quality hose

assemblies in your

own facilities or

on the job site.

Call or

write today

for your free

copies of

Parker

railroad

product bulletins.

Parker Hannifin Corporation,

Hose Products Division,

30240 Lakeland Blvd.,

Wickliffe, OH 44092.

(216) 943-5700

FAX (216) 943-3129

Parker
FluidConnectors



Proven Performers

RAILS MAINTENANCE
OF WAY PRODUCTS

Switch Heaters
• Type HAB Hot Air Blower
• Type CAB Cold Air Blower
• Type LP Natural Gas
• Type RTS Propane
• Type TH Tubular Electric

Snow Detectors
Electric Switch Heater Control

Systems
Portable Air Compressors
Rail Rod Tracic Carts

(Gasoline or Diesel)

Car Retarders
(Inert or Hydraulic Release)

Wheel Stops
Automatic Track Lubrication

Systems
Automatic Switch Point Locks
Rail Anchors
Bridge Tie Anchors
Switch Point Protectors
Track Skates
Gauge Rods
Guard Rail Clamps
Sweeper Hose
Abrasive Cut-off Wheels
Wiring Troughs

RAILS
COMPANY

101 Newark Way, Maplewood, NJ 07040
Phone (201) 763-4320 • FAX (201) 763-2585

Chicago, IL 60604



Will the next rail you buy

be fully heat-treated,

head-hardened, or inter-

mediate strength?

Will the next turnouts

you buy be state-of-the-

art manganese castings,

vacuum-molded and

machined for perfect fit?

The answer is yes, if

you're out for the best rail

products the world has to

offer. And that means
Foster-Class, from L.B.

Foster Company.

World-class.

Well go aCTOss the coun-

try or around the world

to meet today's standards.

So you get a double

advantage: world-

class technology along

with superior Foster fin-

ishing and Foster servic-

ing right here at home.

For instance, Foster

supplied turnouts meet all

AREA specs, and every

inch is pre -inspected

before shipment.

We go to special lengths

on relay rail, too. Just as

we've been doing for 80

years, we bring you the

largest stocks in the world.

And more. Today we take

up and deliver pre-welded

lengths up to a quarter-of

a-mile tocutyour

on-site fabrication costs.

Go Foster-Class

for your tallest or
smallest orders.

Give us a call and we'll

ship any rail order —
including turnouts and

accessories — on time,

anywhere, from stocking

points coast to coast. Plus

special sections and long

lengths of new rail, rolled

to order

We're also your

number one source for

sophisticated track and

contact rail components

for transit systems.

The Foster difference

is a world of difference.

Because Foster-Class is

world-class. Phone or

write L.B. Foster Com-
pany, 415 Holiday Drive,

Pittsburgh, PA 15220.

(412) 928-3400.

FOSTER
L.B.FOSTER
COMPANY



Specialists In keeping
Bridges In service

•TIMBER 'STEEL •CONCRETE

Over 40 years of railroad experience.

Inspect . . . Repair . . . Treat . . . Strengthen

RAILROAD DIVISION

P O Box 8276 • Madison, Wisconsin 53708
608/221-2292 • 800/356-5952

WE'RE THE BRIDGE PRESERVERS

We
Support
Your Line

PREMIER
CONCRETE RAILROAD CROESINGSi
©1995 Premier Concrete Railroad Crossings, Portland,

Premier: Proven

24+ Year Life &
Lowest Install Cost
Since our first installation in 1972, virtually

every crossing is still in use. Twenty-plus

years is not unusual; it's Premier's proven

durability. This proven quality shows up in

our non-skid design safety surface, too. All

at lowest install costs.

Call or write to learn more about the bene-

fits of a modular, tie-less, Premier crossing.

We'll even send you an actual photo of a

24-H year old crossing ... just ask!

Premier Concrete
Railroad Crossings

P.O. Box 11305,

Portland, OR 972 11-0305

Call Toil-Free 1-800-426-5556

FAX (503) 285-0965



In products and in service, UNIT is committed
J

to quality. \

UNIT anchors exceedAREA specifications for ho/c/iVt;

power. In fact, our spring anchor exceeds the spec by

700% of 10,000 pounds, and the drive-on exceeds H

by 60% at 8,000 pounds. And our quality control is
|

so exacting, only a quarter ofone percent ofour

anchors are returned.

We provide complete technical support to you and

your rail gangs, v/ith thousands ofman hours in the \

field—more than any other anchor company.

Our record for on-time deliveries is outstanding as

we//, with 95% of our anchors delivered on time. We
carefully track delivery and service performance to

stay ahead of your scfiedule.

Holding power. Quality control. Technical support.

On-time delivery. In short, the essence of quality.



One complete service.

Lowest cost per mile.

* A complete, objective test

of each rail from end to end.

^ Simultaneous ultrasonic and
induction detection methods.

*Sperry far surpasses every other
rail testing service in efficiency,

thoroughness and research.

*One mileage charge pays
for everything.

*The lowest real cost per mile
and per defect found.

Details and technical assistance on request.

SPERRY RAIL SERVICE
SHELTER ROCK ROAD DANBURY, CONNECTICUT 06810

(203) 791-4500



Change 50 ties an hour
under heavy traffic

Twenty trains per day use this track. Yet despite this heavy

traffic, a single MRT-2 Tie Changer can replace 50 ties an

hour in an average day. The secret is the quick on-off track-

ability designed into the MRT-2. In less than two minutes,

any place along the line, it can climb on or off track com-
pletely under its own power. Old ties - even switch ties - are

removed whole, with minimal disturbance to track structure.

If you're now wasting valuable time clearing for trains, switch

to the MRT-2. Sales and service available throughout North

America. Contact us for a free demonstration.

MODERN TRACK MACHINERY INC.

1 41 5 Davis Rd., Elgin, IL 601 23-1 375
Tel. (708) 697-7510 Fax: (708) 697-0136

MODERN TRACK MACHINERY CANADA LTD.

5926 Shawson Drive, Mississauga, Ontario L4W 3W5
Tel. (41 6) 564-1 21 1 Fax: (41 6) 564-1 21
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POLLUTION Costs.

BrownieTank

Protects.
Only Brownie's fuel pumping skid

provides you with a heavy steel

channel base in a complete, turn-

key refueling system. All your

diesel fuel gets into the

locomotive so there's no costly

spillage, waste or polluted ground.

Brownie's fuel pumping skid is

pre-wired, pre-piped and ready to

install with no field assembly

required. You simply hook up the

inlet and outlet piping and run

electrical power to it.

With Brownie Tank, there is no

sourcing, spec'ing or searching for

pumps, filters, valves, meters or

design configurations.

So whether you're working with an

outside contractor, architect or in-

house operation, you can provide

your locomotive refueling

operation with the finest, turn-key

skid in the industry.

Lube and journal oil skids and

methanol injection systems are

also available.

For a quote or more information

simply call:

Brownie Tank Mfg. Co., a

division of Determan Welding

& Tank Service, Inc.

Minneapolis, Minnesota

(612)571-1744

Fax(612) 571-1789

Performance Under Pressure. ^rome





MANNESMANN

DEMAG

GOTTWALD

EXPERIENCE

+

INNOVATION

GS 88.79 TR

Railquipyinc.
The employment of economical operation and modern
technology is the foundation for a safe cost-efficient and
time saving operation in track and bridge construction.

The requirements are increasing, That is why track and
bridge construction should be equipped +o face the
future.

The GS 88.79 TR Railroad Crane sets the standard in the fol-

lowing areas:

Safety

Carrying Capacity
Speed
Environmental Compliance
Ease of Operation

Future requirements are already fulfilled today, new appli-

cations developed. You can moke use of the experience
of a track and bridge construction specialist and the com-
petence of a leading crane manufacturer.

If you take us up on it, you will always be on the right track.

Y^ Railquip, inc.
3731 Northcrest Road, Suite 6, Atlanta, GA 30340

(770) 458-4157 • Fax (770) 458-5365



• Digs, loads, lifts and grades. • Gets to the job at 55 mph.

Best-built, hardest working model in the popular 3/4 cu.yd size.

• Rail gear • Train line air • AAR

couplers • Axle locks for lift

stability off-fail

American products built to last

• Dependable diesel power

Detroit Diesel, upper structure -

Cummins, carrier • Ergonomic cab

design witti Joystick controls

P.O. Box 798, Airport Industrial Parte • Winona, MN 55987 • Phone (507) 454-8549 - Fax (507 )454-3326

Call or fax for detailed specifications, capacities and performance options.

DIFCO Heavy Duty Railcars 1-800-247-3867

DIFCO Inc., builder of specialty railcars for more than
seventy-seven years, brings a full range of products
and services to the heavy duty railcar market,

including:

• the design and construction of new cars

• repair and recambering services

which include engineering analysis

to determine cause of failure and
proper repair procedures

These cars, serving shippers in the boiler, transformer,

heavy machinery and turbines/rotors/generator indus-

tries, are designed to meet your specific load require-

ments, using "State of the Art" design techniques
including CAD and Finite Element Analysis.

Setting The Standard Since 1915

DIFCO, Inc. • P.O. BOX 238 • FINDLAY, OHIO 45839 • Phone: I (800) 247-3867 • FAX: (419) 422-1275
Specialty Engineered Cars for the Rail and Mining Industries

Heavy Maul Railcare • AutoBallaster« Systems • Air Dump Cars • Mine Cars • Supply Cars • Ballasters* • Shield Support Carriers • Mantrip Cars • Rotary Car Dumpers



DIRECTORY OF CONSULTING ENGINEERS

SUMMIT/LYNCH CONSULTING
ENGINEERS

Rail Systems Studies,

Inspections, Design, & CM
Intermodal Facility Design

Railroad Signal Design

Railroad Forensics

One Corporate Centre

1320 Willow Pass Road, Suite 460

Concord, California 94520

(510)798-2920

Fax (510) 798-2924

zr
ZETA-TECH

ZETA-TECH Associates Inc.

900 Kings Highway N.

Cherry Hill, New Jersey 08002

(609) 779-7795 Fax: (609) 779-7436

TECHNICAL AND ECONOMIC CONSULTING
FOR RAILROADS AND RAIL TRANSIT

Technical Consulting • Coating
• Hallway Track and Rail - Ragulatory and Managerial Costing

• Maintenance Management • Cost Allocation

• Vehicle/Track Systems Trackage Rights/Joint Facilities

Economic Analysis

• System Economics
- Cost/Benellt Analysis

Specialized Software
• Maintenance Planning

• Operations Simulation

MB
Providing services for engineering,

design, planning, construction

management and operations.

/5 75 Broad Street, Bloomfield, NJ 07003
Tel. 20 1-893-6000 • Fax 201-893-3 13
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SPECIALISTS IN FIXED AND MOVABLE

BRIDGES FOR THE RAILWAY INDUSTRY

ly^^
BERGMAN N ASSOCIATES

44 HUDSON PLACE, HOBOKEN, NJ 07030

(201) 653-2898

' ROCHESTER. NY HOBOKEN, N| • PHILADELPHIA, PA* FT. LAUDERDALE. Fl BUFFALO, NY

New Jersey
New York
New Hampshire
Connecticut
Maryland
Massachusetts
Pennsylvania
Florida

Bettigole Andrews & Clark, Inc.

1 University Plaza
Hackensack, NJ 07601
Tel 201-489-8080

Fax 201-489-9755

<TL
serving the railroad industry

Call (800) 522-2CTL

• testing of ties, fastener systems, rails, rail joints

• state-of-the-art dynamic testing equipment
• million-lb static & dynamic capacity
• track design/construction problem solving
• onsite track system testing & instrumentation
• vehicle component testing

Claire G. Ball

Construction Technology Laboratories, inc.

5420 Old Orchard Road, Skokie, IL 60077-1030



Hazelet & Erdal
Dames & Moore

Successors to the

Scherzer Rolling Lift Bridge Company
serving the railroad industry since 1897

FIXED and MOVABLE RAILROAD BRIDGES
Design - New and Rehabilitation

Inspection - Structural, Mechanical, & Electrical

Rating and Analysis

547 W. Jackson Boulevard, Suite 1500, Chicago, Dlinois 60661-5717

Phone (312)461-0267 • FAX (312)461-0373

Corporate offices nationwide providing a broad range of engineering services

ESCA CONSULTANTS, INC.
1606 WILLOW VIEW RD. P.O. BOX 159
URBANA. ILLINOIS (217) 384-0505

RAILROAD & HIGHWAY BRIDGES • TRACKWORK
INDUSTRIAL FACILITIES • SPECIAL STRUCTURES

INSPECTION & RATING
REPORTS & STUDIES
DESIGN & PLANS

CONSTRUCTION SUPERVISION

SHANNON &WILSON. INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

• Landslide Evaluation & Correction
• Embankment & Subgrade Stabilization

•Tunnel Design & Maintenance
• Environmental Management

• Bridge Foundation Engineering

Seattle • Kennewick • Fairbanks • Anchorage • St. Louis
Corporate Headquarters, Seattle: (206) 632-8020

400 N. 34th, Suite 100, P.O. Box 300303, Seattle, WA 98103



THOMAS K. DYER, INC.

Rail Transportation
Consulting Engineers

Signals Track/Civil Communications

1762 Massachusetts Avenue
Lexington, MA 02173

(617) 862-2075

NEW YORK • PHILADELPHIA • CHICAGO

Engineers • Architects • Scientists

ServingHANSON
WILSON

Offices

Nationwide

the
Railroad
Industry

3101 Broadway, Suite 310
Kansas City, Missouri 64111

816-561-9054

STV Group
Engineers Architects Planners Construction Managers

Rail TV'ansportation Services
STV/Seelye Stevenson Value & Knecht

STV/Sanders & Thomas

STV/Lyon Associates

11 Robinson Street, Pottstown, PA 19464

tel: 610/326-4600 fax: 610/326-2718

Ojfice Locations Throughout the Country



iOAD AND RAIL TRANSIT
• Design • Construction Management

Tunnels • Structures • Stations

itenance Shops
:
* Electrification • Signals • Communications

Gannett Fleming
ENGINEERS AND PLANNERS

t • Harrisburg, PA 1 7 1 06 25 Offices Throughout the

I ) United States

GORDON, BUA & READ, INC

CONSULTING ENGINEERS

83 PINE STREET, SUITE 115

PEABODY, MASSACHUSETTS 01960

(508) 535-9051

also NASHUA, NH (603)595-9051

Civil

Railroad

Transportation

Structural

Complete Engineering Services for the

Railroad Industry

Tracks, Bridges, Structures

Construction Management

Shops, Warehouses, Offices

Fuel Management

Utilities

Rnanciai Studies

SBLACK&VEATCK
8400 Ward Parkway, Kansas City, MO 64114 (913) 339-2222



€tE\ engineers
CONSOER TOWNSEND ENVIRODYNE ENGINEERS, INC.

168 North Clinton Street • Chicago, Illinois 60661 • (312) 648-1700

Corporate Headquarters - Chicago • 22 Regional Offices

Railyards and Shop Facilities

Bridge Inspection, Rehabilitation

and Replacement

Railroad Planning Studies

Environmental Engineering

High Speed Rail Studies

Construction Management Services

Grade Crossing Analysis

E LEU\A/, CATHER

Comprehensive Railroad and Transit

Engineering Services

De Leuw, Gather & Company

Contact: Andrew Bonds, Jr.

1133 15th Street NW • Washington, DC 20005

(202) 775-3300 • Fax: (202) 775-3422

mm Carter » Burgess
Rail Design Since 1939

* Yard and Terminal Design

* Track and Bridge Design

* Signalization

* Track and Bridge Inspection

* Structural Engineering

* Hydrology and Hydraulics

* Surveying

* Noise and Vibration Control

* Environmental Services

* CADD and GIS Services

1214)638-0145 Offices Nationwide (817)735-6000



HDR Engineering, Inc.

We offer complete railroad

engineering services.

KR Tracks

Bridges

Water Resources

8404 Indian Hills Drive

Omaha, NE 68114-4048

1-800-366-4411

Offices Nationwide

Tunnels

Facilities

Environmental

•Trackwork erations • Structures • Environmental*"'

R
BRW INC.

700 N.E. Multnomah
Suite 1050
Portland, OR 97232
503/232-5787
503/232-6373 FAX

•Trackwork • Facilities • Operations • Structures • Environmental •

Railroad & Bridge Engineering

Construction Testing

Construction Management

Hydraulics • Permitting • Feasibility Studies

5316 South 132nd Street

Omaha. NE 68137 • (402) 895-4700

ELLIOTT & ASSOCIATES
Engineers • Planners • Surveyors



Engineering Services

Vehicles & Systems System Design Planning

light, heavy. power, signals. Operations
commuter, passenger, communications. Economic Analysis
freight fare collection

Two Valley Square, Suite 300 215-5^2-0700
512 Township Line Road. Blue Bell PA 19^122 FAX: 215-5^2-7676
With offkes in:

Los Angeles* Portland- Washington. D.C* Chicago* Dallas* Philadelphia

PARSONS
BRINCKERHOFF
Engineers • Planners • Construction Managers

Railroads and Rapid Transit
Track Tunnels Yards

Signals Bridges Shops

475 Spring Park Place, Herndon, VA 22070
Robert K. Pattison: (703) 742-5894

90+ Offices Worldwide

HODJESKI AHD MASTERS
Consulting Engineers

since 1893

FIXED & MOVABLE RAILROAD BRIDGES
MODJESKI AND MASTERS, INC.

P.O BOX 234S
HARRISBURG. PA 17105

(71717909565 FAX (717) 790-9564

1055 ST. CHARLES AVENUE
NEW ORLEANS. LA 70130

(504) 524-4344 FAX (504| 561-1229

Poughkeepsie, NY Bordentown, NJ St. Louis, MO



Railroad Engineering Services Since 1910

• Railroad Facilities & Building Designs

• Track and Bridge Engineering Services

• Construction Administration

• Signal and Communications

'

• Mechanical Systems

- , - ^ m 1 500 Piper Jaffray Plaza

'T' yCTj A 444 Cedar Street

Engineers'ArchitectS'Planners (6i2) 292 4400

444 Cedar Street

St. Paul. MN 55101-2140

(612) 292-4400

HARDESTY& HANOVER
CONSULTINGENGINEERS

I
FIXED & MOVABLE BRIDGES

I HIGHWAYS RAILWAYS SPECIAL STRUCTURES I

1501 BROADWAY, NEW YORK, NY 10036 I

(212) 944-1150
I 84 Washington Street, Hoboken, NJ 07030 I



INTERMODAL YARDS • TRACK DESIGN
EMBANKMENT SUBGRADE STABILIZATION

WASTE TRANSFER SYSTEM DESIGN
ENVIRONMENTAL DRAINAGE SURVEYING

CORPORATE MIDWEST CHICAGO SOUTHERN
OFFICE REGION OFFICE REGION

708-858-7050 217-525-7050 312-220-0720 615-552-2525

SERVING THERAILROAD INDUSTRY



NOTES



When You're In Need Of A
Specific Railroad Publication,

It's Best To Go To The Source.

hatever your publication

needs, the Association of

American Railroads

provides you with the

ultimate sourcebook.

The 1995-96 Catalog of

Publications enables you

to obtain current and

up-to-date information

on everything from

hazardous materials

to recent advances

in research and

testing. To order

your copy please

call (202) 639-221

1

or fax request to

(202)639-2156

today.

Association of American Railroads

50 F Street, N.W.

Washington, D.C. 20001




